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FIFTH   ANNUAL 


Report  of  the  State  Geologist. 


Iowa  Geological  Survey,      ) 
Des  Moines,  December,  31,  1896.    ) 

To  Governor  F.  M.  Draks  and  Members  of  the  Oeological  Board: 
Gentlemen — I  have  the  honor  to  report  that  during  1896 
the  work  of  the  Iowa  Geological  survey  has  been  carried 
forward  in  accordance  with  the  plans  approved  by  the  board 
at  the  beginning  of  the  year.  In  selecting  the  counties  to  be 
investigated  the  survey  was  influenced  by  two  considerations. 
First,  these  counties  contain  geological  deposits  of  great 
economic  importance,  and  it  seemed  desirable  to  have  them 
brought  to  public  attention  as  early  as  convenient.  Second, 
the  counties  were  so  chosen  as  to  elucidate  as  large  a  number 
of  geological  problems  as  possible.  With  the  solution  of 
questions  relating  to  the  indurated  rocks  and  the  overlying 
loose  or  superficial  deposits  in  certain  carefully  selected  typ- 
ical localities,  the  work  in  other  localities  may  be  prosecuted 
more  expeditiously  and  more  satisfactorily.  With  thi^  end  in 
view  investigations  were  made  in  Johnson  county  for  the 
purpose  of  extending  the  work  begun  by  Professor  Norton, 
on  the  Devonian  system  of  Iowa,  in  Linn.  The  geological 
formations  of  Johnson  county  carry  the  Devonian  section 
up  through  more  than  seventy  feet  of  strata  not  represented 
in  Linn  county,  though  the  lowest  Devonian  beds  in  the  first 

named  county  are  the  exact  equivalents  of  beds  well  described 
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county  constitutes  one  of  the  most  important  of  the  areas 
surveyed  during  the  past  season.  The  work  in  Polk  county 
was  done  by  Mr.  H.  F.  Bain.  It  was  indeed  begun  some 
years  ago,  but  it  was  carried  on  only  in  short  intervals  spared 
from  pressing  duties  in  the  office.  Owing  to  the  importance 
of  the  area  from  both  a  stratigraphic  and  an  economic  point 
of  view,  it  ^vas  deemed  wise  to  press  the  work  to  completion 
during  the  field  season  of  1896.  In  connection  with  his  work 
on  Polk  county  Mr.  Bain  has  also  made  a  complete  survey  of 
Guthrie  county.  Guthrie  county  carries  the  Carboniferous 
section  from  the  Des  Moines  stage  with  which  the  section 
ends  in  Polk,  up  through  a  portion  of  the  Missouri  stage; 
and  in  this  county  there  is  furthermore  a  marginal  deposit  of 
special  interest  belonging  to  the  Upper  Cretaceous.  The 
problems  in  both  Polk  and  Guthrie  are  very  intricate,  but 
they  have  been  worked  out  with  great  success,  as  will  be 
recognized  by  consulting  the  reports  of  Mr.  Bain  included  in 
the  present  volume. 

Madison  county  shows  more  clearly  than  either  Polk  or 
Guthrie,  certain  interesting  phases  developed  in  the  south- 
ward extension  of  the  Des  Moines  and  Missouri  stages  of  the 
Carboniferous.  The  Winterset  limestone,  the  lowest  member 
of  the  Missouri  stage,  is  important,  not  only  on  account  of 
its  utility  as  a  building  stone,  but  because  it  marks  a  very 
definite  stratigraphic  horizon.  It  seemed  desirable  to  make 
a  careful  study  of  this  limestone,  together  with  the  beds 
immediately  above  and  below  it  in  order  that  the  work  in 
Iowa  may  be  properly  correlated  with  that  done  on  the  Upper 
Carboniferous  strata  by  the  geologists  of  Missouri  and  Kan- 
sas. Madison  county  was  therefore  selected  for  investiga- 
tion, and  was  assigned  to  Professor  Tilton,  of  Indianola. 
Professor  Tilton  received  instructions  to  note  carefully  the 
successive  changes  in  the  conditions  of  sedimentation  which 
the  beds  of  the  county  record,  and  to  take  particular  account 
of  the  f aunal  changes  in  passing  from  the  beds  below  the  Win- 
terset horizon  to  those  above  it.     The  oil  and  gas  horizons  of 
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southeastern  Kansas  occur  in  Upper  Carboniferous  strata 
and  the  supply  is  related  to  certain  well  defined  beds  that 
may  be  traced  through  southwestern  Iowa. 

In  the  counties  named  the  superficial  deposits  present 
problems  of  scarcely  less  interest  than  the  indurated  rocks. 
Johnson  and  Marshall  are  traversed  by  the  extreme  southern 
margin  of  the  lowan  drift,  and  both  counties  contain  heavy 
beds  of  loess  that  are  genetically  connected  with  the  melting 
and  retreat  of  the  lowan  ice.  Cerro  Gordo  county  illustrates 
the  character  of  the  lowan  till  at  some  distance  back  from  its 
southern  margin,  while  the  western  part  of  the  county  is 
occupied  by  morainic  hills  and  ridges  and  characteristic  ket- 
tle holes,  which  in  this  region  mark  the  eastern  margin  of 
the  Wisconsin  drift.  The  western  part  of  Marshall  county 
also  shows  the  influence  of  the  Wisconsin  drift  sheet,  and  the 
extreme  southern  limit  of  the  Wisconsin  lobe  is  found  at  the 
south  end  of  Capitol  Hill  in  Des  Moines,  Polk  county.  In 
Polk  county  the  Wisconsin  drift  overrides  loess  of  lowan  age 
in  the  northern  part  of  the  citj"  of  Des  Moines,  while  to  the 
northwest  this  drift  rests  on  till  of  Eansan  age.  The  oldest 
drift  sheet,  so  far  recognized  in  Iowa,  a  drift  older  than  the 
Eansan,  is  also  exposed  in  Polk  county.  The  southwestern 
margin  of  the  Wisconsin  drift  passes  thix)ugh  Guthrie  county, 
making  this  county  one  of  the  sti'ategic  areas  in  which  to 
studj"  the  superficial  deposits. 

Fix)m  an  economic  standpoint  the  soils  of  Iowa  constitute 
the  most  important  geological  formations  in  the  state.  The 
first  step  in  the  study  of  soils  necessitates  a  careful  investi- 
gation of  the  superficial  deix)sits,  and  accurate  mapping  to 
show  their  distribution.  The  composition  of  soils  in  any 
given  ai*ea,  and  the  purpose  to  which  thej'  are  best  adapted, 
depend  wholly  on  the  character  of  the  loose  surface  materials. 
Soils  on  drift  coveivd  areas  vary  with  the  age  and  origin  of 
the  drift  itself.  Loess  soils  have  their  si>ecial  characteristics 
and  uses.  While  in  the  matter  of  soils  Iowa,  as  in  many 
other  respects,  has  the  best,   yet  the  highest  rewards  of 
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agriculture  will  not  be  realized  until  the  husbandman  takes 
advantage  of  information  furnished  by  the  geologist  and, 
recognizing  the  fundamental  differences  in  soils,  adapts  crops 
and  methods  of  culture  to  the  needs  and  possibilities  of  his 
particular  area. 

The  study  of  the  drift,  and  of  the  loose  surface  materials 
derived  from  it,  has  an  economic  bearing  in  another  direction. 
Enormous  quantities  of  vegetable  matter  have  been  included 
between  successive  sheets  of  till,  and  the  decomposition  of 
the  organic  materials  thus  included  in  the  superficial  deposits 
generates  natural  gas.  In  a  few  known  areas  this  gas  has 
been  stored  in  suflBcient  amount  to  make  it  useful  in  the  heat- 
ing and  lighting  of  dwellings,  and  the  information  at  hand 
justifies  the  conclusion  that  the  conditions  necessary  for  the 
generation  and  storage  of  gas  from  this  source  are  best  ful- 
filled near  the  terminal  margin  of  an  overlapping  sheet  of 
drift. 

The  six  counties  named  above,  are  geologically  important 
therefore,  in  respect  to  both  indurated  rocks  and  superficial 
deposits,  and  reports  on  these  counties  accompanied  by  the 
necessary  maps  and  drawings  are  herewith  submitted  in  the 
confident  belief  that  they  will  be  found  of  great  practical 
interest  to  the  people  of  Iowa. 

In  addition  to  the  counties  reported  on  in  the  published 
volumes  of  the  Survey,  and  the  six  counties  described  in  this 
report,  the  field  work  is  partly  or  wholly  completed  in 
Buchanan,  Delaware,  Fayette,  Howard,  Cedar,  Scott,  Dallas, 
Story,  Plymouth,  Union,  Lyon  and  Marion. 

The  year's  work  has  also  included  the  publication  and  distri- 
bution of  Volume  V,  of  the  reports  of  the  Survey,  besides  the 
monograph  of  Mr.  A.  G.  Leonard  on  the  lead  and  zinc  of 
Iowa,  and  that  of  Dr.  Beyer  on  the  Sioux  quartzite.  These 
last  two  publications  will  constitute  a  part  of  Volume  VI  of 
the  reports  of  the  Iowa  Geological  Survey.  The  remainder 
of  the  volume  will  be  occupied  by  the  elaborate  and  valuable 
report  of  Professor  Norton  on  the  Artesian  Wells  of  Iowa, 
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the  manuscript  of  which,  with  necessary  illustrations,  is  now 
ready  for  the  printer. 

We  have  also  on  hand,  ready  for  publication,  a  paper  by 
Professor  Pammel  on  the  Grasses  of  Iowa.  Intelligent 
farmers  will  find  this  last  paper  of  much  practical  interest. 
Its  early  publication  is  recommended. 

It  is  gratifying  to  note  that  the  publications  of  the  Survey 
are  being  more  and  more  appreciated,  and  are  received  by 
the  people  of  the  state,  as  well  as  by  men  of  science  every- 
where, with  increasing  favor.  Requests  for  copies  of  the 
reports  from  persons  to  whom  they  would  be  of  great  value, 
but  who,  under  a  strict  construction  of  the  present  law  gov- 
erning the  distribution  of  the  volumes,  are  not  entitled  to 
receive  them,  are  very  numerous  and  indicate  a  widespread 
interest  in  the  geological  resources  of  the  state.  High 
schools  in  counties  already  reported  on  have  introduced  the 
separate  county  reports  as  works  to  be  read  by  the  pupils 
studying  geology,  and  so  have  adopted  one  of  the  best  possi- 
ble methods  for  disseminating  the  information  collected  by 
the  survey.  Newspapers,  with  their  usual  public  spirit,  have 
aided  in  disseminating  information  by  summarizing  reports  of 
local  interest.  Mr.  Leonard's  paper  on  lead  and  zinc  was 
published  entire,  with  illustrations,  by  some  of  the  papers 
of  Dubuque.  Some  modification  of  the  law  relating  to  dis- 
tribution, whereby  interested  citizens  of  Iowa  may  obtain  the 
reports  without  charge,  is  greatly  to  be  desired. 

Building  Stones. — During  the  year  the  testing  of  the  col- 
lection of  building  stones  mentioned  in  the  last  annual  report 
has  been  completed  and  the  results  are  now  being  prepared 
for  publication.  The  collection  included  specimens  from 
many  of  the  more  important  quarries  of  the  state  and  from 
some  undeveloped  ledges.  Unfortunately  the  collection  was 
not  as  complete  as  could  be  desired,  though  an  effort  was 
made  to  obtain  samples  from  all  the  principal  quarries.  Many 
of  the  quarrymen  failed  to  respond  at  all,  and  others  did  not 
send  in  the  required  cubes  at  the  specified  time.     The  work 
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must  accordingly  be  regarded  as  essentially  preliminary, 
though  it  is  complete  as  far  as  it  was  carried  on.  In  all 
thirty-three  specimens  were  tested,  representing  thirteen 
quarries  in  eight  formations. 

The  specimens  were  dressed  to  two-inch  cubes  and  then 
subjected  to  compression  tests,  the  work  being  done  at  Ames 
by  Prof.  A.  Marston  and  Messrs.  Murray  and  Bain. 
Duplicate  specimens  were  studied  at  Drake  University,  chem- 
ical analyses  being  made  by  Mr.  Harry  McCormick  and 
absorption  tests  by  Mr.  H.  B.  Murray.  The  survey  is  under 
great  obligations  to  these  gentlemen  and  to  Professor  Mars- 
ton  for  their  co-operation.  Mr.  Bain  is  summarizing  the 
results,  which  will  be  published  in  some  of  the  future  reports 
of  the  survey  and  will  probably  also  be  given  local  publica- 
tion. The  various  quarry  owners  have  already  been  informed 
by  letter  of  the  results  of  the  tests  on  their  stone. 

Cement. — The  past  year  has  been  an  unfavorable  one  for  the 
development  of  new  industries  in  the  state,  so  that  no  prog- 
ress has  been  made  in  the  direction  of  opening  up  the  cement 
beds.  The  material  shipped  Mr.  S.  B.  Newberry  for 
examination  was  found  to  be  too  low  in  lime  for  use  alone. 
It  will  be  necessary  to  find  in  the  neighborhood  beds  of  purer 
chalk  to  mix  with  the  other  material.  It  is  believed  that  this 
can  be  done,  and  Mr.  Bain  is  to  take  up  the  work  in  Plymouth 
county  for  the  coming  season,  with  a  view,  among  other 
things,  of  clearing  up  this  matter. 

Studies  pursued  with  the  object  of  determining  the  dis- 
tribution of  certain  types  of  soil  and  their  relation  to  the 
drift  sheets  covering  the  state  have  incidentally  demonstrated 
that  the  succession  of  Pleistocene  deposits  is  more  complete 
and  more  clearly  indicated  in  Iowa  than  in  any  other  corre- 
sponding area  of  this  continent  so  far  studied.  The  mar- 
gin of  the  Wisconsin  drift  sheet  was  traced  some  years 
ago  by  Upham,  but  until  recently  this  was  the  only  Pleis- 
tocene deposit  whose  boundaries  were  approximately  known. 
Two  sheets  of  till  were  differentiated  by  McGee  in  northeastern 
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Iowa,  but  it  remained  for  the  present  survey  during  the 
past  two  years  to  recognize  the  southern  limits  of  McGiee^s 
upper  till.  Mr.  Bain  has  pointed  out  a  body  of  drift  below 
MeCree's  lower  till,  and  sharply  differentiated  from  it,  and 
Mr.  Leverett  of  the  U.  S.  Geological  Survey,  has  demon- 
strated the  existence  of  drift  in  southeastern  Iowa,  inter- 
mediate in  age  between  the  lower  and  upper  till  of  McGee. 
The  Pleistocene  history  of  Iowa  as  now  for  the  first  time 
clearly  deciphered  includes  the  following  succession  of  events, 
each  of  which  has  had  its  influence  in  determining  the  present 
condition  and  characteristics  of  Iowa  soils. 

I.  First  stage  of  glaciation,  Alhertan.  Invasian  of  Iowa 
by  glaciers  and  distribution  of  lowest  sheet  of  till. 

II.  First  interglacial  stage,  Af Ionian.  Melting  and  retreat 
of  glaciers  and  deposition  of  gravels,  followed  by  a  long 
period  of  forest  growth,  development  of  soils,  and  modifica- 
tion of  the  original  drift. 

III.  Second  glacial  stage,  Kansan.  Cold  more  intense  and 
glaciation  more  general  than  during  the  first  stage.  Dis- 
tribution of  McGee's  lower  till. 

IV.  Second  interglacial  stage,  Buchanan.  Introduced  by 
deposition  of  gravels  in  Buchanan,  Black  Hawk,  Floyd,  Cerro 
Gordo  and  other  counties.  This  stage  was  very  long  and  the 
surface  of  the  second  drift  sheet  was  profoundly  modified  by 
erosion,  oxidation  and  leaching  before  it  came  to  a  close. 

V.  Third  stage  of  glaciation,  Illinois.  During  this  stage 
only  a  small  part  of  Iowa,  embracing  portions  of  Louisa,  Des 
Moines  and  Lee  counties,  was  invaded  by  glaciers.  The  ice 
came  from  the  northeast,  bringing  boulders  from  the  eastern 
shores  of  Lake  Huron. 

VI.  Third  interglacial  stage  (unnamed),  during  which  the 
modification  of  the  second  drift  sheet  proceeded  over  the 
greater  portion  of  Iowa.  The  small  area  occupied  by  the 
third  deposit  of  drift  also  suffered  more  or  less  of  modification. 

VII.  Fourth  glacial  stage,  lowan.  During  this  stage  the 
northern  half  of  Iowa  was  overrun  by  glaciers.    The  southern 
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limit  of  this  incursion  may  be  traced  a  few  miles  north  of 
a  line  drawn  from  Iowa  City  to  Des  Moines,  and  then  deflected 
northwestwardly  to  Plymouth  county.  It  was  during  this  stage 
that  the  enormous  granite  boulders  so  conspicuous  in  Bremer, 
Black  Hawk,  Buchanan  and  other  counties  in  northeastern 
Iowa  were  transported  and  deposited  where  they  now  lie. 

VIII.  Fourth  interglacial  stage,  Toronto  (?)  This  fourth 
interglacial  stage  was  short  as  compared  with  the  second, 
and  probably  with  the  third.  The  amount  of  erosion,  oxidation 
and  leaching  that  during  this  interval  took  place  in  the  sur- 
face of  the  fourth  sheet  of  drift  is  altogether  inconsiderable. 
The  amount  of  change  that  has  taken  place  since  the  begin- 
ning of  the  interval  up  to  the  present  time  is  comparatively 
small. 

IX.  Fifth  glacial  stage,  Wisconsin.  The  last  invasion  of 
Iowa  by  glacial  ice  occurred  in  times  so  recent,  geologically 
speaking,  that  the  youngest  sheet  of  till  exists  practically  in 
the  condition  in  which  the  glaciers  left  it.  The  area  in  Iowa 
affected  by  this  last  invasion  is  nearly  triangular  in  shape,  the 
base  of  the  triangle  coinciding  with  the  north  line  of  the 
state  from  Worth  to  Osceola  counties,  with  the  apex  located 
at  Des  Moines.  In  the  northern  part  of  this  area  there  are 
numerous  stretches  of  ill-drained  lands,  the  surface  is  only 
very  gently  undulating  and  the  stream  channels,  where 
defined  at  all,  have  cut  only  a  foot  or  two  into  the  prairie 
sod. 

X.  The  recent  stage,  since  the  retreat  of  the  Wisconsin 
ice,  brings  Pleistocene  history  down  to  the  present.  The 
recent  stage,  while  long  as  measured  in  years,  has  been  too 
short  to  produce  any  appreciable  effect  in  the  surface  of  the 
Wisconsin  drift. 

The  work  of  the  Iowa  geologists  in  differentiating  the 
Pleistocene  deposits  and  incidentally  deciphering  Pleistocene 
history  has  received  the  recognition  and  indorsement  of  the 
highest  authorities  on  Pleistocene  geology  in  the  United 
States.    Prof.  T.  C.  Chamberlin,  chief  of  the  Pleistocene 
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division  of  the  United  States  Geological  Survey,  at  various 
times  during  the  past  year,  made  visits  to  a  number  of  the 
typical  localities  in  Iowa  and  verified  the  interpretations  of 
the  local  geologists. 

Prof.  R.  D.  Salisbury,  also  connected  with  the  United 
States  Survey,  and  in  charge  of  the  Pleistocene  work  of  the 
Geological  Survey  of  New  Jersey,  accompanied  Mr.  Bain 
upon  a  short  trip  across  the  northern  portion  of  the  state, 
going  as  far  west  as  Sioux  City  and  Rock  Rapids.  The  topo- 
graphic characteristics  of  the  lowan  and  the  Wisconsin  were 
studied  and  the  probable  equivalence  of  the  drift  sheets  east 
and  west  of  the  Des  Moines  lobe  was  tentatively  decided 
upon.  The  correlation  forms  a  good  basis  for  the  next  sea- 
son's work,  and  is  of  particular  value  because  of  Professor 
Salisbury's  wide  experience  in  geographic  work. 

Mr.  Leverett  spent  a  considerable  portion  of  the  field  sea- 
son in  Iowa  tracing  out  the  Illinois  drift  and  studying  the 
effect  of  that  invasion  upon  the  drainage  of  southeastern 
Iowa.  While  the  work  was  done  for  the  national  Survey  the 
very  interesting  results  have  been  from  time  to  time  commu- 
nicated to  us.  This  courteous  co-operation  has  been  of  great 
value  and  will  greatly  lessen  the  cost  of  the  survey  of  the 
Pleistocene  deposts  of  that  region  when  it  shall  be  under- 
taken. The  result  of  all  this  combined  work  on  the  part  of 
the  state  and  the  national  Surveys,  has  been  to  make  Iowa 
classic  ground  for  the  study  of  Pleistocene  deposits. 

The  Pleistocene  deposits  not  only  determine  the  nature  of 
our  soil,  but  the  water  supplies  for  more  than  half  the  inhabi- 
tants of  Iowa  are  derived  from  them,  and  in  them  the  only 
known  permanent  gas  wells  within  the  state  occur.  The 
saving  that  may  be  effected  by  a  thorough  knowledge  of 
these  deposits  is  sometimes  very  great.  For  example  the 
gas  that  is  found  in  Pleistocene  sand  and  gravel  under  condi- 
tions easily  understood,  has  led  persons  unacquainted  with 
its  origin  to  infer  that  a  deep  well  would  tap  a  larger  reser- 
voir of  this  desirable  material.     Accordingly  wells  have  been 
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bored  at  great  expense  in  utter  disregard  of  all  the  known 
conditions  affecting  the  generation  and  storage  of  natural 
gas,  and  the  end  was  loss  and  disappointment.  A  very  slight 
acquaintance  with  the  thickness,  structure  and  contents  of 
the  Pleistocene  would  have  saved  all  the  expense  and  dis- 
appointment. Lumps  and  masses  of  coal  occur  also  as  con- 
stituents of  the  drift  series  and,  in  not  a  few  instances,  these 
"indications"  have  led  to  large  expenditure  in  sinking 
prospect  shafts  under  conditions  that  made  failure  a  foregone 
conclusion. 

As  alread}'^  noted  in  determining  the  counties  to  be  investi- 
gated during  the  past  season,  the  great  importance  of  the 
coal  beds  of  the  state  was  recognized  and  a  large  share  of  the 
survey  work  has  been  devoted  to  their  study.  In  Polk 
county  Mr.  Bain  has  carefully  examined  the  coal  horizons 
already  known,  with  a  view  of  determining  the  probability  of 
the  existence  of  deeper  horizons.  In  connection  with  the 
problem  of  the  influence  of  the  settling  of  one  coal  seam  upon 
the  formation  of  the  overlying  bed,  a  visit  was  made  by  him 
to  the  Keb  mine  of  the  Whitebreast  Fuel  Co.  near  Ottumwa, 
where  a  hitherto  unsuspected  lower  coal  has  been  found.  The 
line  of  investigation  seems  likely  to  yield  important  economic 
results.  In  Madison  county  Professor  Tilton,  in  Dallas  Mr. 
Leonard,  and  in  Guthrie  county  Mr.  Bain,  have  been  tracing 
in  detail  the  eastern  outcrop  of  the  Winterset  limestone.  The 
tracing  of  this  limestone  is  of  direct  economic  interest,  since 
east  of  it  the  Des  Moines  or  productive  coal  measures  out- 
crop. West  of  it  the  barren  beds  of  the  Missouri  stage  are 
the  surface  formation,  and  the  coal-bearing  beds  can  only  be 
reached  by  deeper  working.  Professor  Norton's  work  upon 
the  deep  wells  indicates  that  the  current  estimates  upon  the 
thickness  of  the  coal  measures  of  southwestern  Iowa  are  seri- 
ously in  error,  and  it  is  proposed  to  take  up  field  work  in  the 
region  within  the  coming  year  for  the  purpose  of  determining 
this  and  other  questions.  It  is  a  pleasure  to  recall  at  this 
point  the  accuracy  of  much  of  the  early  geological  work  in 
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the  state  and  the  way  in  which  predictions  made  when  the 
geology  of  the  region  was  so  imperfectly  understood  have 
since  been  verified.  Thus  Worthen*,  as  a  result  of  work  done 
at  Des  Moines  in  1856,  said:  "A  good  supply  of  a  much  bet- 
ter quality  [of  coal]  may  undoubtedly  be  obtained  by  sinking 
a  shaft  to  the  lower  seams,  which  are  probably  not  more  than 
two  or  three  hundred  feet  below  those  in  the  above  section." 
Some  years  after  deeper  shafts  were  sunk,  and  now  there  is  a 
large  amount  of  coal  mined  from  these  lower  horizons.  In 
Guthrie  county  Mr.  St.  Johnf,  in  speaking  of  a  sandstone 
found  in  sinking  a  shaft  at  Panora,  said:  ^^  Beneath  the 
sandstone  the  horizon  of  the  Lacona  coal  would  be  reached 
probably  at  a  depth  of  ten  to  twenty  feet,  but  since  the  con- 
tinuity of  this  bed  is  known  to  be  interrupted,  so  that  it  has 
the  character  of  a  local  deposit,  we  can  not  with  certainty  say 
whether  the  coal  will  be  found  at  this  locality  or  not. ' '  This 
is  of  particular  interest,  not  only  from  the  fact  that  coal  has 
since  been  found  and  is  now  mined  at  the  level  indicated,  but 
from  the  recognition  of  the  difference  between  a  coal  bed  and 
a  coal  horizon.  The  location  of  the  coal  horizons  is  properly 
the  work  of  the  geologist,  while  the  finding  of  the  coal  bed 
along  that  horizon  is  the  work  of  the  prospector.  Other 
instances  of  predictions  which  have  been  verified  might 
readily  be  cited,  but  that  is  aside  from  present  purposes.  It 
is  sufficient  to  state  that  the  continued  study  of  the  coal 
measures  is  showing  that  despite  their  great  irregularity 
there  is  a  certain  amount  of  order  in  them,  and  as  their  study 
is  contined  new  criteria  for  structural  work  are  being  formu- 
lated. 

Museum. — The  collections  of  the  Survey  have  continued  to 
grow  both  by  donation  and  by  the  efforts  of  the  various  mem- 
bers of  the  force.  The  museum  has  been  visited  by  a  large 
number  of  people,  many  of  whom  were  strangers  and  unac- 
quainted with  the  resources  of  the  state.     The  displays  of 

♦Hall:    Geol.  Iowa,  Vol.  I,  p  171.   1868. 
t  White:    Qeol.  Iowa,  Vol.  II,  p.  109.    1870. 
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building  stones,  brick,  clay  goods,  and  minerals  form  an  effect- 
ive advertisement  for  the  state  and  it  is  proposed  to  enlarge 
them  from  time  to  time.  The  formation  of  a  collection  and 
the  building  up  of  a  museum  is  believed,  however,  to  be  an 
incidental  rather  than  a  primary  function  of  the  Survey,  and 
until  the  funds  appropriated  for  the  survey  are  enlarged,  but 
little  can  be  spent  on  museum  work. 

The  office  work  of  the  Survey  has  been  carried  on  as  here- 
tofore, except  that  Mr.  Leonard  has  been  in  charge  the  lat- 
ter half  of  the  year.  The  drawing  has  been  mainly  done  by 
Mr.  F.  C.  Tate,  though  the  map  of  Johnson  county,  submit- 
ted herewith  was  prepared  by  Mr.  M.  F.  Clements,  and  the 
Cerro  Gordo  map  by  Mr.  C.  G.  Meier.  The  Marshall  map  was 
drawn  and  engraved  by  Messrs.  A.  Hoen  &  Co. ,  who  have  pre- 
viously done  work  for  the  Survey.  The  remainder  of  the 
county  maps  submitted  were  engraved  and  printed  by  the 
Iowa  Printing  Co.,  of  Des  Moines. 

The  correspondence  of  the  Survey  has  been  heavy,  includ- 
ing as  it  does  numerous  requests  for  identification,  estimates 
and  opinions.  The  exchanging  of  the  Survey  reports  for 
those  of  other  surveys  or  scientific  societies,  with  the 
acknowledging  of  the  incoming  literature,  is  alone  a  matter  of 
some  considerable  labor.  This  division  of  the  work  has  been 
in  charge  of  the  secretary.  Miss  Newman. 

During  the  year  the  Iowa  Survey  has  profited  by  numerous 
courtesies  from  geologists  and  organizations  in  no  way 
directly  connected  with  it.  The  visits  of  Chamberlin  and 
Salisbury,  and  the  season's  field  work  of  Leverett,  in  connec- 
tion with  the  study  of  the  Pleistocene,  have  already  been 
noted.  A  number  of  strategic  points  in  the  state  were  also 
visited  by  Prof.  G.  F.  Wright  for  the  purpose  of  studying 
these  same  deposits.  The  Survey  receives  freely  the  results 
of  the  observations  of  these  specialists  and  the  benefit  of 
their  judgment. 

Within  the  past  few  months  the  old  State  quarry  in  John- 
son county  has  yielded  remains  of  a  remarkable  fish  fauna. 
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the  state  and  the  way  in  which  predictions  made  when  the 
geology  of  the  region  was  so  imperfectly  understood  have 
since  been  verified.     Thus  Worthen*,  as  a  result  of  work  done 
at  Des  Moines  in  1856,  said:     "A  good  supply  of  a  much  bet- 
ter quality  [of  coal]  may  undoubtedly  be  obtained  by  sinking 
a  shaft  to  the  lower  seams,  which  are  probably  not  more  than 
two  or  three  hundred  feet  below  those  in  the  above  section. ' ' 
Some  years  after  deeper  shafts  were  sunk,  and  now  there  is  a 
large  amount  of  coal  mined  from  these  lower  horizons.     In 
Guthrie  county  Mr.  St.  Johnf,  in  speaking  of  a  sandstone 
found  in  sinking  a  shaft  at  Panora,  said:      ^^  Beneath  the 
sandstone  the  horizon  of  the  Lacona  coal  would  be  reached 
probably  at  a  depth  of  ten  to  twenty  feet,  but  since  the  con- 
tinuity of  this  bed  is  known  to  be  interrupted,  so  that  it  has 
the  character  of  a  local  deposit,  we  can  not  with  certainty  say 
whether  the  coal  will  be  found  at  this  locality  or  not. ' '     This 
is  of  particular  interest,  not  only  from  the  fact  that  coal  has 
since  been  found  and  is  now  mined  at  the  level  indicated,  but 
from  the  recognition  of  the  difference  between  a  coal  bed  and 
a  coal  horizon.     The  location  of  the  coal  horizons  is  properly 
the  work  of  the  geologist,  while  the  finding  of  the  coal  bed 
along  that  horizon  is  the  work  of  the  prospector.     Other 
instances  of    predictions  which  have    been  verified  might 
readily  be  cited,  but  that  is  aside  from  present  purposes.     It 
is  sufficient  to  state  that  the  continued  study  of  the  coal 
measures  is  showing  that  despite  their  great  irregularity 
there  is  a  certain  amount  of  order  in  them,  and  as  their  study 
is  contined  new  criteria  for  structural  work  are  being  formu- 
lated. 

Muneuia. — The  collections  of  the  Survey  have  continued  to 
grow  both  by  donation  and  by  the  efforts  of  the  various  mem- 
bei's  of  the  force.  The  museum  has  been  visited  by  a  large 
number  of  people,  many  of  whom  were  strangers  and  unac- 
quainted with  the  resources  of  the  state.     The  displays  of 
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The  beds  in  which  the  remains  occur  are  of  Devonian  age,  but 
no  such  assemblage  of  Devonian  fishes  has  hitherto  been 
found  in  North  America  or,  for  that  matter,  in  the  world. 
The  material  has  been  placed  in  the  hands  of  Dr.  C.  R.  East- 
man, of  the  Museum  of  Comparative  Zoology,  at  Cambridge, 
Mass. ,  and  he  generously  proposes  to  study  the  collection  and 
prepare  the  material  for  publication  without  cost  to  the  Sur- 
vey. Concerning  the  matter  of  publication,  some  joint 
arrangement  whereby  a  part  of  the  edition  may  bear  the 
imprint  of  the  Museum  of  Comparative  Zoology,  and  part 
that  of  the  Survey  can  probably  be  effected  to  mutual 
advantage. 

The  most  important  work  by  outside  organizations  in  Iowa 
is  that  of  the  Topographic  Division  of  the  United  States 
Geological  Survey.  Early  in  the  season  a  party  of  topog- 
raphers began  work  in  northeastern  Iowa,  the  object  being 
to  complete  the  topographic  map  of  that  portion  of  the  state. 
Some  years  ago  topographic  mapping  was  begun  in  eastern 
lowan  and  carried  northward  from  the  parallel  of  41°  30'.  It 
is  now  proposed  to  extend  the  work  to  the  north  line  of  the 
state.  The  importance  of  this  work  to  the  Iowa  Survey  is 
difficult  to  estimate.  The  district  to  be  covered  embraces 
the  part  of  the  driftless  area  that  extends  into  Iowa.  The 
peculiarities  of  the  area  are  such  that  geological  work  can 
scarcely  be  done  with  any  acceptable  degree  of  exactitude 
without  the  aid  of  a  topographic  base  map,  and  without  such 
a  base  map  geological  mapping  is  practically  out  of  the 
question.  With  the  completion  of  the  topographic  work  and 
the  publication  of  the  maps  by  the  United  States  Survey,  the 
geological  work  in  that  interesting  region  may  be  prosecuted 
with  success,  and  with  less  than  half  the  labor  and  expense 
that  would  otherwise  be  involved. 

General  Supervisiori. — During  the  past  year  considerable 
time  has  been  spent  both  by  Mr.  Bain  and  myself,  in  general 
studies,  particularly  upon  the  drift,  and  in  field  trips  with  other 
members    of    the    Survey.      It    is    believed  that    the  best 
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preparation  for  making  a  satisfactory  report  upon  any  small 
area  in  the  state  is  a  preliminary  study  of  regions  where  the 
different  formations  are  most  typically  developed.  This  has 
been  particularly  necessary  in  taking  up  the  study  of  the  drift 
since  the  criteria  used  in  the  discrimination  of  the  drift 
formations  are  different  from  those  used  in  other  geological 
work.  With  this  in  view  the  various  members  of  the  Survey 
have,  from  time  to  time,  made  visits  to  those  points  in  the 
state  where  the  different  formations  are  best  developed. 

Individual  Work. — My  own  work,  apart  from  the  super- 
vision above  noted,  has  embraced  a  general  direction  of  sur- 
vey work,  the  reading  and  editing  of  manuscripts  submitted 
by  different  members  of  the  force,  the  answering  of  endless 
inquiries  by  correspondents,  the  identification  of  fossils  col- 
lected in  the  several  counties  investigated,  and  the  examina- 
tion of  various  materials  submitted  by  citizens  of  the  state 
with  a  view  of  determining  their  economic  value.  All  this 
was  merely  incidental.  During  the  year  I  have  completed 
the  field  work  in  Johnson  and  Cerro  Gordo  counties,  and  have 
prepared  the  manuscript  reports  on  these  counties,  with  maps 
and  illustrations.  These  reports  are  now  submitted  as  a 
part  of  the  accompanying  volume.  The  field  work  was 
extended  into  Floyd  county.  Reports  on  Buchanan  and 
Delaware  counties  will  soon  be  ready  for  submission.  A 
paper  has  been  prepared  on  Pleistocene  Iowa,  and  another 
on  the  state  quarry  beds  in  Johnson  county.  Early  in  the 
year  some  anomalous  conditions  encountered  in  boring  the 
Postville  well  were  investigated,  and  a  special  paper  has  been 
prepared  and  published  on  the  great  stone  quarries  at  Cedar 
Valley  in  Cedar  county. 

During  the  early  months  of  the  year  Mr.  Bain  was  mainly 
employed  in  the  office,  his  time  being  principally  taken  up 
with  supervising  the  printing  of  Volume  V,  which  was  then 
going  through  the  press.  The  field  work  in  Polk  county  was 
carried  on  at  the  same  time  and  short  excursions  into  various 
portions  of  the  state  were  taken  for  the  purpose  of  making 
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general  correlations.  In  the  spring  the  determination  of  the 
relations  of  the  drift  deposit  south  of  Des  Moines  occupied 
some  time,  and  in  May  the  Guthrie  county  work  was  taken  up. 

July  1st  Mr.  Bain  was  given  partial  leave  of  absence,  since 
which  time  a  portion  only  of  his  time  has  been  devoted  to 
survey  work,  Mr.  Leonard  taking  his  place  in  the  office. 
During  the  remaining  months  of  the  year  most  of  Mr.  Bain's 
time,  so  far  as  it  was  devoted  tp  survey  work,  was  spent  in 
Polk  and  Guthrie  counties,  the  reports  upon  these  areas 
being  submitted  herewith.  He  has  spent  some  time,  however, 
in  more  general  studies  of  the  drift  problems  of  the  state  in 
company  with  Messrs.  Chamberlin,  Leverett,  Salisbury,  Til- 
ton,  Beyer  and  Leonard.  During  the  season  he  made  some 
studies  of  the  soil  value  of  the  loess,  presenting  a  paper 
upon  the  subject  to  the  State  Horticultural  Society  in 
November. 

Mr.  A.  G.  Leonard  began  work  in  June,  taking  the  place  of 
Mr.  Bain,  in  the  office.  Whenever  the  conditions  in  the  office 
have  made  it  possible,  Mr.  Leonard  has  spent  the  time  in  field 
work,  devoting  special  attention  to  Dallas  county. 

Prof.  W.  H.  Norton  has  devoted  the  time  that  could  be 
spared  for  work  in  connection  with  the  survey  to  completing 
his  report  on  Artesian  Wells.  This  work  proved  to  be  one  of 
much  greater  magnitude  than  was  at  first  supposed.  The 
interpretation  of  the  well  records  is  a  task  requiring  a  vast 
amount  of  conscientious  labor,  and  the  correspondence 
involved  in  procuring  records  and  giving  directions  for  keep- 
ing them,  consumed  a  great  deal  of  time.  The  report  as  now 
presented  brings  the  records  to  date,  but  the  work  of  collect- 
ing information  as  new  wells  are  bored  in  the  future  should 
be  continued.  The  expense  will  be  trifling  compared  with  the 
value  of  the  definite  information  which  well  records  properly 
interpreted  are  capable  of  affording.  Short  supplementary 
reports,  bringing  the  records  up  to  date  of  publication,  may 
be  issued  from  time  to  time  as  occasion  seems  to  warrant. 
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Dr.  S.  W.  Beyer  has  devoted  such  time  as  he  could  spare 
chiefl}''  to  work  in  Marshall  county.  The  work  in  this  county 
is  now  complete  and  the  report,  suitably  illustrated,  is  sub- 
mitted as  a  part  of  the  accompanying  volume.  Dr.  Beyer 
spent  a  few  days  with  me  in  Cerro  Gordo  county,  and  in  my 
company  he  made  a  visit  to  the  typical  outcrop  of  the 
Buchanan  gravels,  the  object  being  to  get  data  for  definite 
comparisons  with  Pleistocene  deposits  in  Marshall  county. 
He  has  also  the  field  work  in  Story  county  well  advanced 
toward  completion. 

The  work  in  Madison  county  was  assigned  to  Prof.  J.  L. 
Tilton  and  has  been  completed  with  very  great  care.  The  direc- 
tions for  careful  studies  of  the  different  members  of  the  Mad- 
ison county  section  of  indurated  rocks  and  included  faunas, 
with  a  view  to  using  the  information  in  correlating  certain 
coal  measure  horizons  in  Iowa  with  those  of  other  states, 
were  faithfully  carried  out.  Professor  Tilton  made  some 
trips  to  typical  localities  elsewhere  for  the  purpose  of  collect- 
ing data  that  would  aid  in  the  work  in  Madison.  His  report 
on  the  county,  with  necessary  maps  and  illustrations,  accom- 
panies this  report. 

Miss  Newman  has  continued  to  fill  the  position  of  secretary 
and  general  office  assistant;  and  has  performed  the  exacting 
duties  of  the  place  with  such  satisfaction  and  success  as  to 
merit  special  commendation. 

I  have  the  honor  to  remain,  gentlemen,  with  great  respect, 

Your  obedient  servant, 

Samuel  Calvin, 
State  Oeologiat. 
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Iowa  Geological  Survey,      ) 
Des  Moines,  December  31,  1896.  ) 

Sir — I  have  the  honor  to  submit  herewith  a  report  of  the 
work  done  since  entering  upon  my  present  duties  last  June. 
Much  of  my  time  during  the  summer  was  given  to  field  work. 
Several  weeks  were  spent  in  Guthrie  county,  part  of  the  time 
in  company  with  Mr.  Bain,  in  studying  the  drift  and  Creta- 
ceous rocks  of  that  region.  In  July  field  work  was  com- 
menced in  Dallas  county  and  was  continued  at  intervals  until 
the  end  of  the  season.  Considerable  material  was  collected 
for  a  report  on  the  geology  and  economic  resources  of  the 
county. 

During  the  last  of  August  and  early  part  of  September  sev- 
eral trips  were  taken  into  Decatur  and  Clarke  counties  for 
the  purpose  of  studying  the  Missouri  or  upper  coal  measure 
limestone,  and  also  to  establish  more  definitely  the  eastern 
limits  of  the  formation.  The  limestone  was  studied  at  Osce- 
ola and  Davis  City  in  Iowa,  and  Cainsville,  Missouri,  and  its 
border  located  at  several  points.  The  limits  of  the  formation 
had  already  been  determined  farther  north  in  Guthrie,  Dallas 
and  Madison  counties.  The  value  of  this  stone  as  a  quarry 
rock  makes  the  determination  of  its  distribiltion  and  extent  a 
matter  of  no  little  economic  importance. 

As  a  preliminary  to  the  study  of  the  drift  deposits  numer- 
ous points  of  interest  in  Polk  county  were  visited  during  the 
summer.     Trips  were  made  to  Polk  City,  Berwick,  Mitchell- 

ville  and  the  vicinity  of  High  Bridge.     A  day  was  spent  along 

29 


30  ADMINISTRATIVE  REPORTS. 

the  Skunk  river  in  determining  the  width  and  extent  of  its 
broad  alluvial  bottoms.  Since  the  completion  of  the  field 
season,  as  well  as  previously,  a  portion  of  my  time  has  neces- 
sarily been  taken  up  with  the  routine  work  of  the  office. 
Considerable  progress  has  also  been  made  in  the  preparation 
for  publication  of  the  results  of  investigations  in  the  field. 

Very  respectfully, 

A.  G.  Leonard, 

Assistant  State  Geologist. 
To  Prof.  Samuel  Calvin, 

State  Geologist. 
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Mount  Vernon,  Iowa,  December  1,  1896. 
Sir — I  have  the  honor  to  transmit  herewith  the  report  just 
completed  on  the  Artesian  Wells  of  Iowa.  The  scope  of  the 
work  has  already  been  indicated  in  my  report  for  the  year 
1895.  During  the  present  year,  several  months  have  been 
given  without  reservation  to  this  investigation — a  much 
longer  time  than  was  considered  necessary  at  the  opening  of 
the  year.  The  delay  thus  caused  in  the  completion  of  the 
volume  is  only  in  a  measure  to  be  regretted;  since  the  report 
now  includes  a  much  fuller  treatment  of  several  important 
topics  than  otherwise  would  have  been  possible,  and  collates 
a  large  amount  of  most  valuable  data  from  wells  recently 
sunk  in  different  parts  of  the  state. 

Your  obedient  servant, 

William  Harmon  Norton. 
To  Prop.  Samuel  Calvin,  Ph.  D., 
Director  Iowa  Geological  Survey. 
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INTRODUCTION. 

SITUATION  AND  AREA. 

Johnson  county  is  situated  near  the  southern  limit  of  what 
is  know  as  the  east  central  part  of  the  state.  From  Daven- 
port directly  west  to  the  west  line  of  this  county  the  distance 
is  about  forty  miles.  Muscatine  is,  however,  the  nearest 
point  of  importance  on  the  Mississippi  river,  and  this  point  is 
only  about  seventeen  miles  distant  from  the  southeast  corner 
of  Johnson  county.  Referred  to  the  United  States  land  sur- 
veys the  county  is  included  in  townships  77-81  north,  and 
ranges  5-8  west  of  the  fifth  principal  meridian.  Its  area 
embraces  about  six  square  miles  more  than  seventeen  con- 
gressional townships.  In  form  the  county  is  a  square  to  the 
southeast  corner  of  which  there  is  appended  an  area  six  miles 
in  length  from  north  to  south  and  having  an  average  width  of 
about  seven  miles.  The  eastern  boundary  of  the  appended 
area  is  a  continuation  of  the  east  line  of  the  square  making 
up  the  main  body  of  the  county ;  its  western  boundary  follows 
the  winding  channel  of  the  Iowa  river. 

Owing  to  the  location  of  the  territorial  capital  at  Iowa  City 
in  1839,  Johnson  was  one  of  the  first  of  the  interior  counties 
to  be  settled.  A  few  pioneers  had  taken  up  claims  here 
before  the  capital  was  located.  They  had  become  familiar  in 
a  general  way  with  the  abundant  supplies  of  building  stone 
which  the  region  was  capable  of  furnishing;  and  the  known 
geological  resources  of  the  region  exerted  no  small  influence 
in  determining  the  site  to  be  chosen  for  the  seat  of  govern- 
ment for  the  new. territory, 

GEOLOGICAL  WORK  IN  JOHNSON  COUNTY. 

The  pioneer  g^^ologist.  Dr.  David  Dale  Owen,  was  the  first 
to  do  geological  work  in  Johnson  county  and  place  the  results 
on  scientific  record.  In  1850  he  examined  the  rock  exposures 
at  Iowa  City.  He  followed  up  the  Iowa  river  and  noted  the 
natural  exposures  in  its  banks  to  a  point  beyond  the  limits  of 
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the  same  deposit,  is  characterized  by  yellow  till,  large,  light- 
colored  granite  bowlders,  and  by  the  fact  that  it  occupies  a 
low  plain  when  compared  with  adjacent  loess-covered  areas 
which  are  in  general  highlands  of  moderate  elevation.  A 
ridge  bounding  the  Solon  lobe  passes  from  near  the  northwest 
corner  of  Cedar  township  to  sections  1  and  2  of  Graham, 
from  which  point  it  curves  back  into  Cedar,  makes  a  long 
sweep  through  sections  35,  34  and  33,  and  trending  northwest 
passes  south  of  Solon,  and  on  to  near  the  northeast  corner  of 
Big  Grove  township.  The  Burlington,  Cedar  Rapids  &  North- 
em  Railway  finds  a  natural  gap  through  the  ridge  near  Solon 
and  thence  follows  the  margin  of  the  drift  plain,  with  the  ter- 
minal or  interlobular  ridge  on  the  one  hand  and  low-lying, 
level  bowlder-strewn  fields  on  the  other,  until  it  leaves  the 
county  near  Ely. 

lowan  bowlders  are  more  or  less  common  up  to  the  very 
foot  of  the  ridge  described.  They  are  most  common  where  rain- 
wash  has  removed  the  rich,  black  loam  which  is  very  generally 
developed  on  the  surface  of  the  lowan  drift.  A  typical  bowl- 
der-strewn area  is  found  north  of  the  Cedar  Rapids  road  in  the 
Nw.  qr.  of  Sw.  qr.  of  Sec.  15,  Big  Grove  township.  Within 
a  small  space  are  gathered  a  large  number  of  masses  of  gray 
granite,  some  of  which  are  twelve  to  fifteen  feet  in  diameter. 

The  second  lobe  is  larger  and  wider  than  the  first.  North 
Liberty  is  situated  well  within  its  area,  on  a  portion  that 
exhibits  the  typical  characteristics  of  lowan  drift  plains  in 
counties  farther  north.  This  broad  digit-like  extension  of  the 
lowan  drift  will  therefore  be  called  the  North  Liberty  lobe. 
The  topography  of  this  lobe  has  been  modified  in  two  ways 
since  its  mantle  of  lowan  drift  was  deposited.  The  Iowa 
river  traverses  the  lobe  from  west  to  east  and  has  developed 
a  broad  flood  plain  into  which  the  southern  portion  of  the 
drift  plain  gradually  blends.  North  of  the  river,  accumula- 
tions of  loess  of  greater  or  less  thickness  overlie,  in  places, 
the  lowan  drift  and  conceal  the  physiographic  features  that, 
but  for  their  presence,  would  normally  be  present.     Allowing 
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INTRODUCTION. 

SITUATION  AND  AREA. 

Johnson  county  is  situated  near  the  southern  limit  of  what 
is  know  as  the  east  central  part  of  the  state.  From  Daven- 
port directly  west  to  the  west  line  of  this  county  the  distance 
is  about  forty  miles.  Muscatine  is,  however,  the  nearest 
point  of  importance  on  the  Mississippi  river,  and  this  point  is 
only  about  seventeen  miles  distant  from  the  southeast  corner 
of  Johnson  county.  Referred  to  the  United  States  land  sur- 
veys the  county  is  included  in  townships  77-81  north,  and 
ranges  5-8  west  of  the  fifth  principal  meridian.  Its  area 
embraces  about  six  square  miles  more  than  seventeen  con- 
gressional townships.  In  form  the  county  is  a  square  to  the 
southeast  corner  of  which  there  is  appended  an  area  six  miles 
in  length  from  north  to  south  and  having  an  average  width  of 
about  seven  miles.  The  eastern  boundary  of  the  appended 
area  is  a  continuation  of  the  east  line  of  the  square  making 
up  the  main  body  of  the  county;  its  western  boundary  follows 
the  winding  channel  of  the  Iowa  river. 

Owing  to  the  location  of  the  territorial  capital  at  Iowa  City 
in  1839,  Johnson  was  one  of  the  first  of  the  interior  counties 
to  be  settled.  A  few  pioneers  had  taken  up  claims  here 
before  the  capital  was  located.  They  had  become  familiar  in 
a  general  way  with  the  abundant  supplies  of  building  stone 
which  the  region  was  capable  of  furnishing;  and  the  known 
geological  resources  of  the  region  exerted  no  small  influence 
in  determining  the  site  to  be  chosen  for  the  seat  of  govern- 
ment for  the  new- territory. 

GEOLOGICAL  WORK  IN  JOHNSON  COUNTY. 

The  pioneer  geologist.  Dr.  David  Dale  Owen,  was  the  first 
to  do  geological  work  in  Johnson  county  and  place  the  results 
on  scientific  record.  In  1850  he  examined  the  rock  exposures 
at  Iowa  City,  He  followed  up  the  Iowa  river  and  noted  the 
natural  exposures  in  its  banks  to  a  point  beyond  the  limits  of 
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Johnson  county.     He  explored  the  valley  of  Rapid  cireek  and 
made  a  record  of  the  outcrops  along  that  stream.     He  recog-        | 
nized  the  fact  that  the   limestones  belong  to  the  Devonian 
system  and  that  certain  sandstones  found  at  a  nuraber  of 
places  in  the  county  are  Carboniferous.* 

In  1855  Prof.  James  Hall  began  work  as  state  geologist  of 
Iowa,  and  in  the  prosecution  of  his  investigations  the  geology  of 
Johnson  county  received  more  or  less  attention.  In  Profes- 
sor Hall's  reportt  there  are  references  to  the  rock  exposures 
at  Iowa  City  on  pages  131-133,  and  beginning  on  pag-e  260  a 
brief  space  is  devoted  to  the  discussion  of  the  geology  of 
Johnson,  Linn,  Benton  and  Iowa  counties. 

Dr.  C.  A.  White,  state  geologist  of  Iowa  from  1866  to  1869 
inclusive,  notes  some  of  the  geological  features  of  Jolmson 
county  in  his  report,  t     On  page  188,  vol.  I,  there  is  a  refer- 
ence to  the  "Birds  eye"  marble  which  occurs  in  the  Devonian 
limestone  of  the  county,  and  on  pages  308  and  309,  vol.  II. , 
there  is  a  brief  description  of  the  old  "  State  Quarry  "  which 
is  located  on  the  Iowa  river  eight  or  ten  miles  northwest  from 
Iowa  City.     There  is  also  a  reference  to  ancient  peat  from  a 
Johnson  county  well  on  page  402,  vol.  II. 

In  his  memoir  on  the  Pleistocene  History  of  Northeastern 
Iowa§  Mr.  W   J   McGee  makes  frequent  reference  to    the 
indurated  rocks  and  superficial  deposits  of  Johnson  county, 
and  C.  R.  Keyes  II  in  his  compilation  of  the  glacial  scorings  in 
Iowa,  refers  to  some  instances  of  ice  planing  near  Iowa  City. 

Besides  the  oflBcial  reports  noted  short  papers,  each  deal- 
ing with  a  restricted  range  of  geological  phenomena  pre- 
sented by  Johnson  county,  have  appeared  from  time  to  time 
in  scientific  journals  and  other  publications.  Among  the 
authors  contributing  such  papers  may  be  mentioned,  Barris, 
Calvin,  Keyes,  Shimek,  Webster  and  White. 

^Report  of  a  Geol.  Sarv.  of  Wis.,  Iowa  and  Minn.,  by  David  Dale  Owen,  1852,  pp.  85-89. 

tReport  on  Geol.  Surv.  of  the  State  of  Iowa,  vol.  1.    1858. 

4:Report  on  the  Geol.  Surv.  of  the  State  of  Iowa,  by  Charles  A.  White,  M.  D.,  vols.  I  and  II> 
Des  Moines.  1870. 

eThe  Pleistocene  History  of  Northeastern  Iowa,  by  W  J  McGee,  Eleventh  Ann.  Rept.  U. 
8.  Geol.  Surv.,  Part  I.    Washington,  1891. 

Ulowa  Geol.  Surv.,  vol.  Ill,  pp.  15S-163.   Des  Moines,  1896. 
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PHYSIOGRAPHY. 

TOPOGRAPHY. 

General  deacription. — Johnson  county  lies  within  tjie  area> 
of  anomalous  topographic  forms  described  by  McGee*;  an 
area  in  which  drift  plain  interdigitates  with  loess  ridge;  an 
area  in  which  the  rivers  go  out  of  their  way  to  avoid  low  lying 
plains  and  cut  channels  longitudinally  through  ranges  of  hills 
that  rise  forty,  sixty,  or  eighty  feet  above  broad  lowland 
surfaces  that  apparently  might  have  been  traversed  with  less 
difl&culty,  and  certainly  would  have  aflEorded  a  shorter  and 
more-  direct  course ;  an  area  in  which  the  divides  are  low  and 
the  highlands  border  the  river  valleys.  The  county  presents 
an  unusual  number  of  topographic  phenomena  for  the  reason 
that  it  is  traversed  by  terminal  deposits  of  the  lowan  glaciers, 
deposits  forming  irregular  sinuous  ridges  that  may  possibly 
deserve  to  rank  as  moraines.  Along  the  northern  border  of 
the  county  there  are  therefore  some  small  lobes  of  the  lowan 
drift  sheet  continuous  with  the  gently  undulating  plains 
characteristic  of  regions  occupied  by  deposits  of  lowan  age 
in  the  counties  north  of  Johnson.  In  the  southern  part  of  the 
county  all  stream  valleys  are  wider  and  deeper,  and  the  relief 
in  general  bolder  than  in  the  drift  plains  north  of  the  lowan 
moraine.  The  greater  age  of  the  Kansan  deposit  has  afforded 
larger  opportunities  for  the  agents  of  erosion  to  carve  apd 
otherwise  modify  the  surface.  Through  the  northern  half  of 
the  county  the  lowan  moraine  already  noted  extends  in  a 
series  of  loops,  and  forms  irregular  ridges  varying  from  forty  to 
eighty  feet  in  height.  These  morainic  ridges  are  composed 
largely  of  drift,  but  they  contain  more  or  less  sand,  and  are 
not  infrequently  overlain  at  the  summit  by  loess.  A  fine  yel- 
low sand  is  a  very  common  constituent  of  these  ridges,  and 
the  highest  points  are  sometimes  crowned  with  it.  Outside 
the  moraine,  and  usually  blending  with  it  more  or  less  per- 
fectly, are  interlobular  and  sub-marginal  deposits  of  loess  of 

*  Op.  cit.,  p.  831. 
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-jilairm  south  of  the  moraine,  the  loess  finally  forming  but  a 
thin  veneer  over  the  surface,  and  only  partly  disgiiising  the 
tfJI»ographic  forms  impressed  upon  the  Kansan  drift  during- 
the  interf^laeial  interval.  Lastly  there  are  level  plains  of 
considerable  extent  covered  with  alluWum. 

/oi/m/i  drift  plainx. — A  few  small  lobes  of  lowan  drift  extend 
into  the  northern  part  of  Johnson  county,  only  two  of  which, 
however,  are  large  enough  to  make  an  impression  worthy  of 
note  on  the  general  topography.  One  of  these  lobes  traverses 
Uig  Grove  and  Cedar  townships.  The  direction  of  its  axis  is 
southeast,  and  the  length,  in  the  county,  is  approximately  ten 
miles.  Kolon  is  situated  near  one  margin,  and  for  this  reason 
this  lobe  may  appropriately  be  named  the  Solon  lobe.  This 
Jobe  of  lowan  drift,  like  all  other  typical  areas  occupied  by 
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tlie  saiine  deposit,  is  characterized  by  yellow  till,  large,  light- 
colored,  granite  bowlders,  and  by  the  fact  that  it  occupies  a 
lo^v  plain  when  compared  with  adjacent  loess-covered  areas 
^wliicli   are  in  general  highlands  of  moderate  elevation.     A 
ridge  bounding  the  Solon  lobe  passes  from  near  the  northwest 
corner    of  Cedar  township  to  sections  1  and  2  of  Graham, 
from  which  point  it  Qurves  back  into  Cedar,  makes  a  long 
sweep  through  sections  35,  34  and  33,  and  trending  northwest 
passes  south  of  Solon,  and  on  to  near  the  northeast  corner  of 
Big  Grove  township.    The  Burlington,  Cedar  Rapids  &  North- 
ern Railway  finds  a  natural  gap  through  the  ridge  near  Solon 
and  thence  follows  the  margin  of  the  drift  plain,  with  the  ter- 
minal or  interlobular  ridge  on  the  one  hand  and  low-lyings 
level  bowlder-strewn  fields  on  the  other,  until  it  leaves  the 
county  near  Ely. 

lowan  bowlders  are  more  or  less  common  up  to  the  very 
foot  of  the  ridge  described.  They  are  most  common  where  rain- 
wash  has  removed  the  rich,  black  loam  which  is  very  generally 
developed  on  the  surface  of  the  lowan  drift.     A  typical  bowl- 
der-strewn area  is  found  north  of  the  Cedar  Rapids  road  in  the 
Nw.  qr.  of  Sw.  qr.  of  Sec.  15,  Big  Grove  township.     Within 
a  small  space  are  gathered  a  large  number  of  masses  of  gray 
granite,  some  of  which  are  twelve  to  fifteen  feet  in  diameter. 
The  second  lobe  is  larger  and  wider  than  the  first.     North 
Liberty  is  situated  well  within  its  area,  on  a  portion  that 
exhibits  the  typical  characteristics  of  lowan  drift  plains  in 
counties  farther  north.     This  broad  digit-like  extension  of  the 
lowan  drift  will  therefore  be  called  the  North  Liberty  lobe. 
The  topography  of  this  lobe  has  been  modified  in  two  ways 
since  its  mantle  of  lowan  drift  was  deposited.     The  Iowa 
river  traverses  the  lobe  from  west  to  east  and  has  developed 
a  broad  flood  plain  into  which  the  southern  portion  of  the 
drift  plain  gradually  blends.     North  of  the  river,  accumula- 
tions of  loess  of  greater  or  less  thickness  overlie,  in  places, 
the  lowan  drift  and  conceal  the  physiographic  features  that,^ 
but  for  their  presence,  would  normally  be  present.     Allowing 
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for  the^se  modifications  of  the  area  the  North  libertr  lobe  zo3x 
be  said  to  occupy  the  northwestern  comer  of  the  ooiinty. 
including  all  of  Monroe,  and  parts  of  JefferscHL.  Oxford  and 
>f adison  townships.     The  southern  part  of  the  lobe  is  a  Io^kt- 
lying  drift  plain*  merging  without  break,  as  already  noted. 
into  the  broad  alluvial  vallev  of  the  Iowa  river.     Xorth  of  the 
river  the  plain  is  somewhat  higher  and  more  billowy  than  on 
the  south.     Near  the  river  the  hills  vary  from  forty  to  surty 
feet  in  height.    In  the  western  part  of  Jefferson  township,  and 
even  more  conspicuously  in  the  western  part  of  Monroe  town- 
ship the  hills  are  covered  with  loess,  but  for  a  space  of  more 
than  four  m  iles  ih  width,  almost  equally  divided  between  the  two 
townships,  there  is  no  loess.     The  gently  undulating  drift  to 
the  north  and  northwest  grades  into  slightly  bolder,  erosional 
topographic  forms  as  the  region  approaches  the  river,  and  in 
sections  19  and  20  of  Jefferson  township  there  are  hills  border-  1 

ing  the  river  valley  ninety  feet  in  height,  drift  covered  through-  ' 

out  their  entire  altitude,  with  lowan  bowlders  projecting-  ' 

from  the  surface  at  different  elevations,  and  even  showing- 
lowan  tUl  and  bowlders  of  lowan  age  on  their  very  summit. 

The  drift  hills  just  described  differ  in  aspect  from  the  loess 
covered  hills  that  front  the  river  valley  farther  east  or  west. 
They  lack  the  angularities  and  unfinished  appearance  of  the 
loess.  The  contours  are  more  flowing,  the  surface  is  smoother, 
the  grass  more  luxuriant,  the  soil  is  deeper  and  blacker  as  is 
characteristic  of  drift  soils  in  general. 

Like  the  Solon  lobe  of  lowan  drift,  the  North  Liberty  lobe 
trends  southeast.  Furthermore  it  is  bounded  by  loess  covered 
ridges  or  drift  hills  rising  from  forty  to  ninety  feet  above  the 
level  of  the  bowlder-dotted  plains.  The  drift  in  the  hills,  where 
exposed,  proves  to  be  generally  of  the  Kansan  type,  very  highly 
oxidized  near  what  was  the  old  surface,  with  the  usual  accom- 
paniment of  small  striated  bowlders,  and  passing  downward 
into  the  bluish,  unoxidized  facies  of  this  older  sheet  of  till. 
Along  the  northeast  side  of  the  lobe  the  bounding  hills  trend 
almost  directly  northwest-southeast  from  section  5  of  Jefferson 
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tOT^v-nsliip  to  section  J7  of  Penn  township.     From  the  point 

Isist  naiined  the  highlands  sweep  around  toward  the  west,  and 

after  traversing  sections  24,  23  and  22  of  Madison  township, 

tliey  trend  northwest,  to  leave  the  county  finally  in  section  6 

of  Oxford  township. 

A  tliird  area  of  lowan  drift,  but  of  rather  small  extent, 
occurs  in  the  northeastern  part  of  Jefferson  township.    Shuey- 
ville  is  situated  at  the  southern  margin  of  this  area.     The 
"hills  which  mark  the  boundary  of  the  drift  plain  rise  within 
the  limits  of  the  village  plat.     Immediately  west  of  the  village 
the  ridge  separating  the  Shueyville  area  from  the  North 
Liberty  lobe,  and  made  up  chiefly  of  Kansan  drift,  extends 
northwest  to  the  county  line.     Southward  a  series  of  loess- 
covered  hills  rise  seventy  feet  above  the  drift  plain,  while 
eastward  the  area  blends  with  rather  indefinite  boundaries 
into  the  Solon  lobe. 

The  Shueyville  area  is  continuous  with  a  typical  plain  of 
lowan  drift  that  stretches  northward  from  the  village  of 
Western.  North  of  the  Johnson  county  line  the  three  areas 
described  become  united  into  one  and  merge  finally  into  the 
great  lowan  area  that,  with  readily  recognized  characteristics, 
reaches  away  beyond  the  northern  limits  of  the  state. 

The  southern  part  of  the  North  Liberty  lobe  and  the  whole 
area  of  the  Solon  lobe  are  marked  by  many  rounded  hills  and 
elongated  ridges  of  sand  that  owe  their  origin  to  events  tak- 
ing place  during  the  period  of  melting  and  retreat  of  the  ice. 
The  ridges  are  in  general  parallel  to  the  main  axis  of  the  lobe 
in  which  they  lie,  and  parallel,  it  may  be  assumed,  to  the 
direction  of  the  ice  movement.  Their  height  varies  from  ten 
to  fifteen  or  twenty  feet. 

Kansan  drift  plains. — More  than  two-thirds  of  Johnson 
county  naturally  belongs  to  the  area  occupied  exclusively  by 
Kansan  drift.  But  a  broad  belt  of  deep  loess  extends  through 
the  central  part  of  the  county  south  of  the  margin  of  the  lowan 
lobes,  effectually  concealing  the  drift  surface  beneath; 
and  loess,  becoming  gradually  thinner,  mantles  the  surface 
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and  partly  disguises  the  pre-loessial  topography  all  the  'wajr  to 
the  southern  limit  of  the  county.     There  are  areas,  however, 
where  loess  is  absent,  or  so  thin  that  the  physiographic  fea- 
tures imposed  upon  the  surface  of  the  Kansan  drift  during- 
the  interglacial  intervals  may  still  be  ascertained.     In  the 
southwestern  part  of  the  county,  including  the  valley  of    Old 
Man  creek  and  the  region  south  of  it,  there  is  a  typical  area 
of  Kansan  drift,  only  slightly  modified  by  loess.     The  surfaoe 
is  rolling  but  the  curves  are  less  sharp  and  the  irregularities 
much  less  than  in  the  area  of  deep  loess  between  the  valley 
of  Old  Man  creek  and  the  southern  margin  of  the  North 
Liberty  lobe  of  lowan  drift.     The  surface  shows  everywhere 
the  long  continued  effect  of  erosion  which  carved  the  surface 
of  the  old  drift  sheet  into  a  series  of  miniature  hills  and  val- 
leys.    The  valley  of  Old  Man  creek  has  been  cut  down  100 
feet  into  what  was  at  first  a  gently  undulating  drift  plain, 
and  the  valley  has  gradually  expanded  until  it  is  more  than 
half  a  mile  in  width.     The  minor  streams  have  cut  valleys  of 
proportionate  wid  th  and  depth,  and  the  whole  region  exhibits 
topographic  features  of  much  greater  maturity  than  those  of 
areas  occupied  by  lowan  drift. 

Scott   and  Lincoln  townships  afiford  another*  area  of  the 
same  type.     All  the  county  south  of  a  line  drawn  from  east 
to  west  through  the  middle  of  Scott  and  Hardin  townships 
may  be  said  to  constitute  one  area  exhibiting  the  physio- 
graphic features  of  the  Kansan  drift ;  but  through  this  area 
the  Iowa  river  has  cut  a  valley  from  north  to  south  and  has 
developed  a  broad  flood  plain  with  flat  alluvium-covered  sur- 
face that  is  in  striking  contrast  with  the  irregularities  of  the 
typical  drift  surface  on  either  side.     A  few  comparatively 
level  areas  of  Kansan  drift,  not  even  yet  invaded  by  the  head 
waters  of  the  smaller  drainage  streams,    occur  at  certain 
points,  as  for  example,  in  the  central  part  of  Washington  and 
Scott  townships  in  the  western  part  of  Sharon. 

Topography  of  the  loess. — Characteristic  loess  topography  is 
exhibited  throughout  the  broad  belt  of   deep  loess  which 
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pstsses  across  the  middle  of  the  country  from  east  to  west;  in 
ttie  interlobular  space  between  the  Solon  and  North  Liberty- 
areas  of  lowan  drift;  in  a  small  area  in  the  southwestern  part 
of  Monroe  township;  and  in  the  high  bluflfs  near  the  Cedar 
river  northeast  of  the  Solon  lobe.     Relatively  to  the  drift 
plains,  all  the  regions  above  mentioned  are  highlands.     The 
surface  is  carved  into  a  very  intricate  system  of  hills  and 
ravines.     The  curves  are  all  abrupt,  the  hills  are  steep  and 
sharply  rounded.     The  ravines  are  deep  and  angular  at  the 
bottom,  and  the  surface,  where  cultivated  or  disturbed,  is 
gullied  and  gashed  by  recent  erosion.     The  transition  from 
the  comparatively  level  drift  plains  of  lowan  age  to  the  ridged 
and  billowy  loess  is  always  abrubt,  but  the  physiography  of 
the  loess  grades  without  any  sharp  line  of  demarkation  into 
the  less  pronounced  erosional  forms  characteristic  of  the 
Kansan  drift.     In  the  southern  part  of  the  country  the  loess 
becomes  thinner.     In  many  places  erosion  has  cut  through 
to  the  underlying  drift  and  reveals  the  fact  that  the  loess  is 
but  a  thin  veneer  moulded  over  the  irregularities  of  an  old 
deeply  eroded  surface.     In  this  southern  area  the  loess  comes 
down  with  nearly  uniform  thickness  upon  the  sides  of  the 
valleys  and  forms  a  cap  over  the  crests  of  the  hills.     The 
present  surface  configuration  of  the  region  was  developed 
before  the  loess  was  laid  down. 

River  flood  plains . — In  a  few  instances  the  flood  plains  of 

the  major  streams  become  conspicuous  topographic  features. 

In  the  northeastern  part  of  Cedar  township  the  Cedar  river 

wanders  through  a  broad  alluvial  plain,  two  miles  or  more  in 

width.    On  the  west  this  plain  is  overlooked  by  hills  of  loess 

fifty  to  seventy  feet  in  height.     The  great  plain,  followed  by 

the  Iowa  river  from  the  Iowa- Johnson  boundary  to  where  the 

stream  enters  a  comparatively  narrow  canyon  at  the  old 

Roberts  Ferry  bridge,  is  one  of  the  most  important  areas  of 

its  kind  in  the  country,  and  is  only  excelled  in  areal  extent  by 

the  rapidly  widening  alluvial  plain  upon  which  the  river 

enters  after  emerging  from  its  canyon  south  of  Iowa  City. 
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In  Pleasant  Valley,  Lincoln  and  Fremont  tovfmslxips  this  Ia.'  I 
plain  attains  a  width  of  many  miles,  oecupyingf  praoticallr  .il 
of  Fremont  township,  and  uniting  with  a  plstin    of    simi.i 
character  that  includes  the  lower  course  of  the  Oedar  riv.^: 
and  extends  even  beyond  the  Mississippi  below  A^useatine. 

Lake  baahw. — A  few  small  depressions,  kettle  Iioles  or  Iskt 
basins  occur  in  the  North  Liberty  drift  plain,  neai*  tlie  line 
along  which  the  drift  and  alluvium  merge  into  orte    contin- 
uous  surface.      The  basin  of  Swan  lake,  which  lie^s    chieflv 
in  sections  4  and  3  of  Madison  township,  is  the    IsLrg'est  of 
these  depressions.     Its  length  is  nearly  half  a  mile,  and  it 
has  an  area  of  about  sixty  acres.     At  the  period  of  settle- 
ment of  the  country,  fifty  years  ago.  Swan  lake  was  a  beauti- 
ful little  sheet  of  clear  water,  twelve  to  fifteen  feet  in  depth 
and  well  stocked  with  fish.     The  rim  of  the  lake,  superficiaZiy 
at  least,  is  composed  of  sand  and  gravel,  but  the    entire 
depression  is  mainly  hollowed  out  of  the  stiff  drift  clay.      For 
some  years  Swan  lake  has  been  simply  a  marsh  supporting  a 
luxuriant  growth  of  sedges  and  rushes.     The  original  basin  is 
now  largely  filled.     Rain  wash  has  carried  in  sand  and  clay, 
dust  has  been  blown  in  by  the  winds,  and  the  annual  decay  of 
rank  vegetation  has  contributed  no  small  amount  of  peaty 
matter.      The  ponds  and  lakelets  that  once  occupied  the 
numerous    other  depressions  of    the  region  have  met  the 
same  fate  as  Swan  lake.     It  is  probable  that  all  the  depres- 
sions here  noticed  had  the  same  origin  and  were  due  to  the 
final  melting  of  detached  masses  of  ice  included  in  the  glacial 
debris.  • 

Anomalom  dirUks. —  The  Solon  drift  lobe  constitutes  one 
of  the  anomalous  divides  so  well  described  by  McGee  in  the 
work  already  cited.  Prom  this  low  plain  the  land  rises 
abruptly,  and  to  a  height  of  nearly  100  feet,  in  approaching 
the  valley  of  the  Cedar  river  on  the  one  hand,  or  the  valley 
of  the  Iowa  river  on  the  other. 

Table  of  elemtlom. — The  following  table  compiled  from 
Gannett's  Dictionary  of  Altitudes  shows  the  elevation,  in  feet, 
above  sea  level  of  some  of  the  principal  points  in  the  county: 
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Oxford 746 

Tiffin.. 695 

Iowa  City,  Chicago,  Rock  Island  &  Pacific  Railway 686 

Iowa  City,  Burlington,  Cedar  Rapids  &  Northern  Railway  667 

Solon 7©4 

Morse 763 

Elmira 751 

Lone  Tree 717 

DRAINAGE. 

The  streams  of  Johnson  county  are  not  very  numerous. 
One  master  stream,  the  Iowa  river,  controls  almost  the  entire 
drainage  of  the  county.  A  very  small  area  in  the  northeast- 
em  corner  of  Cedar  township  pays  tribute  to  the  Cedar  river, 
Ji\  while  in  the  southwestern  part  of  Washington  township  the 

'-  valley  of  Deer  creek  is  drained  into  the  English  river.     This 

last  stream,  however,  while  flowing  through  Washington 
county  is  a  tributaiy  of  the  Iowa. 

The  Iowa  Hver. — Within  the  limits  of  Johnson  county  the 
Iowa  river  has  a  course,  counting  its  numerous  sinuosities, 
of  more  than  fifty  miles  in  length.  From  Iowa  county  it 
crosses  into  Johnson  in  section  31,  township  81  N.,  R.  8  W. 
For  more  than  half  the  width  of  the  county  the  general 
course  of  the  stream  is  eastward.  In  section  19,  township  81 
N.,  R.  6  W.,  it  turns  at  right  angles  to  its  former  course, 
forming  the  great  elbow  so  frequently  mentioned  byMcGee,* 
and  thence  flows  in  the  main  southward,  finally  forming  the 
western  boundary  of  Fremont  township.  Before  passing 
Fremont  township  the  general  course  is  changed  toward  the 
southeast,  and  this  direction  is  maintained  until  the  river 
reaches  the  low  fiood  plain  of  the  Mississippi. 

In  the  first  part  of  its  course,  after  passing  the  western 
boundary  of  the  county,  the  Iowa  river  winds  back  and  forth 
in  the  broad  flood  plain  already  mentioned;  but  above  the  iron 
bridge  south  of  Shueyville  it  leaves  the  plain  to  cut  longitud- 
inally through  ridges,  composed  of  loess,  drift  and  limestone, 
that  rise  nearly  100  feet  above  the  level  of  the  plain  from 

*Plel8toceoe  History  of  Northeastern  Iowa. 
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In  Pleasant  Valley,  Lincoln  and  Fremont  towmships  tJhis  last 
plain  attains  a  width  of  many  miles,  occupying^  j>i-aotically  aL 
of  Fremont  township,  and  uniting  with  a  pla^ixi  of  similar 
character  that  includes  the  lower  course  of  th^  Oedar  rirer 
and  extends  even  beyond  the  Mississippi  below  Af  iaso3tine. 

Lake  basins. — A  few  small  depressions,  kettle  lioles  <yr  late 
basins  occur  in  the  North  Liberty  drift  plain,  n^^x*   tlie  line 
along  which  the  drift  and  alluvium  merge  into  ozig    contin- 
uous surface.      The  basin  of  Swan  lake,  which  lie^s    chiefly 
in  sections  4  and  5  of  Madison  township,  is  the    larg^esfc  oi 
these  depressions.     Its  length  is  nearly  half  a  mile,   a^nd  it 
has  an  area  of  about  sixty  acres.     At  the  period  of   settle- 
ment of  the  country,  jBfty  years  ago.  Swan  lake  was  sl  l>eaut/- 
ful  little  sheet  of  clear  water,  twelve  to  fifteen  feet  in  depth 
and  well  stocked  with  fish.     The  rim  of  the  lake,  superfieiaZ/y 
at  least,  is  composed  of  sand  and  gravel,  but  the    entire 
depression  is  mainly  hollowed  out  of  the  stiff  drift  clay.      For 
some  years  Swan  lake  has  been  simply  a  marsh  supporting-  a 
luxuriant  growth  of  sedges  and  rushes.     The  original  basin  is 
now  largely  filled.     Rain  wash  has  carried  in  sand  and  elaj^, 
dust  has  been  blown  in  by  the  winds,  and  the  annual  decay  of 
rank  vegetation  has  contributed  no  small  amount  of  peaty 
matter.      The  ponds  and  lakelets  that  once  occupied    the 
numerous    other  depressions  of    the  region  have  met  the 
same  fate  as  Swan  lake.     It  is  probable  that  all  the  depres- 
sions here  noticed  had  the  same  origin  and  were  due  to  the 
final  melting  of  detached  masses  of  ice  included  in  the  glacial 
debris. 

Anomalous  divides. —  The  Solon  drift  lobe  constitutes  one 
of  the  anomalous  divides  so  well  described  by  McGee  in  the 
work  already  cited.  From  this  low  plain  the  land  rises 
abruptly,  and  to  a  height  of  nearly  100  feet,  in  approaching 
the  valley  of  the  Cedar  river  on  the  one  hand,  or  the  valley 
of  the  Iowa  river  on  the  other. 

Table  of  elevations. — The  following  table  compiled  from 
Gannett's  Dictionary  of  Altitudes  shows  the  elevation,  in  feet, 
above  sea  level  of  some  of  the  principal  points  in  the  county: 
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Oxford 746 

Tiffin. 695 

Iowa  City,  Chicago,  Rock  Island  &  Pacific  Railway 686 

Iowa  City,  Burlington,  Cedar  Rapids  &  Northern  Railway  667 

Solon 7©4 

Morse 763 

Elmira 751 

Lone  Tree 717 

DRAINAGE. 

The  streams  of  Johnson  county  are  not  very  numerous. 
One  master  stream,  the  Iowa  river,  controls  almost  the  entire 
drainage  of  the  county.  A  very  small  area  in  the  northeast- 
em  corner  of  Cedar  township  pays  tribute  to  the  Cedar  river, 
while  in  the  southwestern  part  of  Washington  township  the 
valley  of  Deer  creek  is  drained  into  the  English  river.  This 
last  stream,  however,  while  flowing  through  Washington 
county  is  a  tributaiy  of  the  Iowa. 

The  Iowa  Hver. — Within  the  limits  of  Johnson  county  the 

Iowa  river  has  a  course,  counting  its  numerous  sinuosities, 

of  more  than  fifty  miles  in  length.     From  Iowa  county  it 

crosses  into  Johnson  in  section  31,  township  81  N.,  R.  8  W. 

For  more  than  half  the  width  of  the  county  the  general 

course  of  the  stream  is  eastward.     In  section  19,  township  81 

N.,  R.  6  W.,  it  turns  at  right  angles  to  its  former  course, 

forming  the  great  elbow  so  frequently  mentioned  by  McGee,* 

and  thence  flows  in  the  main  southward,  finally  forming  the 

western  boundary  of  Fremont  township.      Before  passing 

Fremont  township  the  general  course  is  changed  toward  the 

southeast,  and  this  direction  is  maintained  until  the  river 

reaches  the  low  fiood  plain  of  the  Mississippi. 

In  the  first  part  of  its  course,  after  passing  the  western 
boundary  of  the  county,  the  Iowa  river  winds  back  and  forth 
in  the  broad  flood  plain  already  mentioned ;  but  above  the  iron 
bridge  south  of  Shueyville  it  leaves  the  plain  to  cut  longitud- 
inally through  ridges,  composed  of  loess,  drift  and  limestone, 
that  rise  nearly  100  feet  above  the  level  of  the  plain  from 

^Pleistocene  History  of  Northeastern  Iowa. 
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In  Pleasant  Valley,  Lincoln  and  Fremont  to'wmsliips  Lhisli 
plain  attains  a  width  of  many  miles,  occupying"  praetieallril 
of  Premont  township,  and  uniting  with  a    plain    of   sin 
character  that  includes  the  lower  course  of    t>lie  Cedar  ri''^^; 
and  extends  even  beyond  the  Mississippi  belo'w  Al!uscatine 

Zake  basins. — A  few  small  depressions,  kett.Ze  Jaoles  or  lak^ 
basins  occur  in  the  North  Liberty  drift  plain,    near  the  iis-^ 
along  which  the  drift  and  alluvium  merge  int>o    one    ci  'utin- 
uous  surface.     The  basin  of  Swan  lake,  whioli   lies    chiefly 
in  sections  4  and  5  of  Madison  township,  is  t^lie    larg-est  of 
these  depressions.     Its  length  is  nearly  half  a,     mile,  and  it 
has  an  area  of  about  sixty  acres.     At  the  period  of  settle 
ment  of  the  country,  fifty  years  ago,  Swan  lake  -was  a  boiiutJ- 
ful  little  sheet  of  clear  water,  twelve  to  fifteen  feet  in  deptb 
and  well  stocked  with  fish.    The  rim  of  the  lake,  superficiaZ/r 
at  least,  is  composed  of  sand  and  gravel,  but    the    entire 
depression  is  mainly  hollowed  out  of  the  stiff  drift  clsy-     ^<'f 
some  years  Swan  lake  has  been  simply  a  marsh  supportiniT » 
luxuriant  growth  of  sedges  and  rushes.    The  original  basin  is 
now  largely  filled.     Eain  wash  has  carried  in  sand  and  clsr- 
dust  has  been  blown  in  by  the  winds,  and  the  annual  decay  oi 
rank  vegetation  has  contributed  no  small  amount  of  peaty 
matter.      The  ponds  and  lakelets  that  once  occupied  tiit 
numerous   other  depressions  of    the  region  have  met  the     . 
same  fate  as  Swan  lake.     It  is  probable  that  all  the  depres-    ^^ 
sions  here  noticed  had  the  same  origin  and  were  due  to  the    -,, 
final  melting  of  detached  masses  of  ice  included  in  the  glaciad    y^ 
debris.  ,  r;'.- 

Anomahus  divides. —  The  Solon  drift  lobe  constitutes  one  ;j.^j 
of  the  anomalous  divides  so  well  described  by  McGee  in  the  ..  ^^.^ 
work  already  cited.  From  this  low  plain  the  land  rises -^^j.^ 
abruptly,  and  to  a  height  of  nearly  100  feet,  in  approach!^  i^nw 
the  valley  of  the  Cedar  river  on  the  one  hand,  or  the  vallej  ^^^-^j^, 
of  the  Iowa  river  on  the  other.  ^W'{\ 

Table  of  elecaiions. — The  following  tab'le  compiled  fi^^^^s 
Gannett's  Dictionary  of  Altitudes  shows  the  elevation,  infeet-u  ^^^ 
above  sea  level  of  some  of  the  principal  points  in  the  county 
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which  it  tunieil  aside.     Even  the  highest  p^rt    of    the  drift 
that,  merging  with  the  flood  plain,  reaches     b^jrond    Xortb 
Liberty  in  the  normal  direction  of  the  stream,  is  seven tjr  feet 
lower  than  the  hills  through  which  the  indireot,   r^oundabout 
channel  has  been  cut.     At  the  great  elbow  it    \^ouJd   have 
required  onh'  a  few  miles  of  cutting  in  the  direotion   previ- 
ously followed  to  have  enabled  the  river  to  reach  tiie  lo'w  drift 
plain  of  the  Solon  lobe,  but  as  if  lowlands  of  lowan  drift  were 
something  especially    to  be  avoided    the  stream     abruptly 
changes  its  course  to  the  southward  to  follow  the  big'b  intev- 
lobular  loess-covered  area,  until  it  finally  emerges  upon  the 
low  alluvial  plain  south  of  Iowa  City. 

Deep  farm  wells  show  that  the  Iowa  river,  in  its  course  from 
the  west  line  of  the  county  to  where  it  enters  its  canyon  south 
of  Shueyville,  follows  closely  a  preglacial  valley  tiia;t   2iad 
been  excavated  to  a  depth  of  150  feet  below  the  present  level 
of  the  river.     The  gorge  followed  by  the  stream  from  tlie  iron 
bridge  to  Iowa  City  is  comparatively  recent,  and  in    large 
part  is  probably  post-Iowan.     At  all  events  the  bed  and  sides 
of  the  channel  are  in  places  still  rock}'-,  and  in  portions  of  its 
course  the  stream  is  even  now  cutting  into  native  ledges  of 
Devonian  limestone.     South  of  Iowa  City  the  stream  follows 
an  old  and  very  wide  gorge  that,  as  shown  by  a  number  of 
borings,  was  originally  200  feet  deeper  than  the  present  valley. 
In  some  places,  and  probably  throughout  its  whole  extent, 
the  gorge  was  filled  with  Kansan  drift,  and  this  drift,  in  the 
present  river  valley,  is  now  overlain  by  eight  or  ten  feet 
of  alluvium. 

C/ear  creek. — The  Iowa  river  receives  no  very  important 
tributaries  within  the  limits  of  Johnson  county.  Clear  creek 
is  the  first  of  any  consequence  received  from  the  west.  It  rises 
in  Iowa  county  and  follows  a  general  direction  a  little  south  of 
east  through  Oxford  and  Clear  Creek  townships  and  joins  the 
Iowa  in  Lucas  township  near  Coralville.  From  above  TiflBn 
to  its  confluence  with  the  Iowa,  Clear  creek  flows  in  a  valley 
that,  in  its  present  aspect,  has  a  history  reaching  back  to  the 
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close  of  the  Kansan  ice  stapfe.     The  depth  of  the  valley  meas- 
ured from  the  higher  hill  tops  is  100  feet  and  the  width  varies 
from  a  half  to  three-fourths  of  a  mile.     Deep  wells  again  show 
tbat  parts  at  least  of  this  valley  were  scooped  out  to  much 
greater  depths  in  pre-Kansan  time. 

An  interesting  tributary  of  Clear  creek  is  Buffalo  creek, 
which  joins  the  larger  stream  a  few  miles  above  TiflBn.     Buf- 
falo creek  drains  a  part  of  the  North  Liberty  drift  lobe.     It 
has  cut  through  the  rim  of  loess-covered  hills  which  bound 
the  drift  plain,  but  its  direction  is  southwest,  at  right  angles 
to  the  normal  direction  that  would  have  been  taken  by  a  trib- 
utary of  Clear  creek,  provided  the  major  stream  had  developed 
its  di-ainage  basin  by  ordinary  processes  of  erosion.     It  is 
doubtless  true  that,  in  the  long  inter-glacial  interval  between 
the  close  of  the  Kansan  and  the  coming  of  the  lowan  stage, 
the  drainage  area  of  Clear  creek  was  normally  developed, 
with  a  dendritic  system  of  channels  reaching  out  on  either 
side  of  the  main  axis  to  the  margin  of  the  basin.     In  such  a 
system,  in  the  latitude  of  Iowa,  the  greater  part  of  the  drain- 
age area  would  eventually  come  to  lie  on  the  north  side  of  the 
principal  east- west  valley.      During  the    lowan  stage  the 
northern  part  of  this  normally  developed  drainage  area  was 
invaded  by  the  North  Liberty  lobe  of  lowan  ice;  and  marginal 
deposits  of  sand  and  loess  were  piled  up  inside  the  basin  in 
such  a  way  as  to  obliterate  the  regularly  developed  channels 
on  the  north  side  of  the  valley.     Accordingly  the  drainage 
area  on  the  north  is  reduced  to  a  narrow  belt  of  highlands 
which  is  broken  through  at  one  point  by  the  erratic  course  of 
Buffalo  creek.     The  particular  combination  of  circumstances 
that  determined  the  direction  in  which  this  affluent  cuts 
through  the  rim  of  hills  and  brings  its  tribute  from  the  low 
lowan  drift-plain  can  only  be  conjectured. 

As  is  also  true  of  streams  flowing  east  or  west  in  the  lati- 
tude of  Iowa,  Clear  creek  follows  the  southern  margin  of  its 
valley,  close  to  the  foot  of  the  northward  facing  bluffs. 
Furthermore  the  southern  wall  of  the  valley  is  steep,  while 
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that  on  the  north  rises  with  gentler  slopes  to  the  more 
rapidly  receding  highlands  and  is  more  profoundly  cai-ved 
and  sculptured  by  the  agents  of  erosion. 

Old  Man  creek. — Old  Man  creek  drains  the  southern  part  of 
Johnson  county  west  of  the  Iowa  river.  Rising  in  loura 
county  it  pursues  a  general  eastward  course  to  join  the 
larger*  stream.  Its  valley,  like  that  of  Clear  creek,  is  deep 
and  wide,  and  its  history  dates  from  the  retreat  of  the  £Ian- 
san  ice.  Its  drainage  area  is  normal.  The  natural  course  of 
development  suflfered  no  interference  by  the  encroachment  of 
lowan  ice,  or  the  accumulation  within  its  area  of  marginal 
deposits  of  loess. 

Near  its  confluence  with  the  Iowa  river  Old  Man  creek  flow^ 
southeast,  and  its  tributaries  in  this  part  of  its  course  are 
themselves    eastwardly    flowing   streams.     But    where    the 
direction  of  the  main  channel  is  toward  the  east,  the  stream 
flows  near  the  southern  edge  of  its  valley.    There  are  steeper 
bluflfs  on  the  south  side  than  on  the  north.     The  larger  part 
of  the  drainage  basin  lies  north  of  the  principal  axis.     The 
headwaters  of  the  northern  afluents  reach  to  within  a  mile, 
or  even  less  than  a  mile,  of  the  valley  of  Clear  creek;  while 
on  the  opposite  side  of    the  axis,   Deer  creek   and    other 
branches  of  English  river — the  next  eastward  flowing  stream 
south — rise  within  hailing  distance,  and  restrict  the  drainage 
of  Old  Man  creek  in  this  direction  to  a  fraction  of  a  mile. 

The  region  drained  by  Clear  creek  and  Old  Man  creek  is 
included  in  the  Loess-Drift  Area  of  McGee.*  McGee,  however, 
regards  the  topography  and  drainage  of  the  area  as  related 
not  to  a  single  plane,  but  to  a  series  of  planes,  each  inclined 
to  the  south  and  uptilted  along  its  northern  edge.  The  east- 
ward flowing  stream  is,  in  each  case,  located  near  the  south- 
ern margin  of  the  plane  to  which  it  is  related,  and  the  steep 
southern  wall  of  each  respective  valley  is  simply  the  elevated 
margin  of  the  next  succeeding  plane  on  the  south,  t  No 
description  could  more  felicitously  represent   the    present 

-^Pleihtoceob  History  of  Northeastern  Iowa,  p.  411,  et  seq. 
top.  clt.,  pp.  412-41». 
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sispect  and  relations  of  the  several  drainage  basins  of  the 
area  under  consideration.     But  it  seems  possible  after  all  to 
refer  the  whole  system  of  drainage  basins  included  in  the 
Loess- Drift  Area  to  a  single  plane,  and  that  plane  the  origi- 
nal gently  sloping  surface  of  the  great  drift  sheet  after  the 
retreat  of  the  Kansan  ice.     This  surface,  in  the  region  under 
discussion,  was  drained  by  a  number  of  parallel  streams,  each 
flo^wing  toward  the  east.     As  soon  as  these  streams  cut  chan- 
nels of  any  considerable  depth,  the  two  sides  of  each  channel 
were  differently  affected,  by  the  agents  of  erosion.  The  north- 
ward facing  surfaces  suffered  less  than  the  opposite  side  of 
the  channel  from  the  alternations  of  freezing  and  thawing 
and  consequent  effects  of  erosion,  in  early  winter  and  spring. 
They  were  less  affected  by  the  droughts  of  summer,  which 
tended  to  check  the  growth  of  vegetation  and  render  the  surface 
more  pulverulent  and  more  easily  attacked  by  dashing  rain 
storms.     The  result  was  that  as  the  channel  was  deepened  the 
north  side  of  the  valley  receded  more  rapidly  than  the  south, 
the  slopes  soon  became  gradual,  the  small  lateral  streams  on 
the  north  cut  back  into  the  highland  with  greater  facility 
and  greater  speed,  robbing  the  secondary  streams  developed 
on  the  south  side  of  the  next  drainage  area  to  the  north;  and 
so  as  a  result  of  normal  causes  each  drainage  basin  became 
unsymmetrical  and  was  converted  into  a  sloping  plane  with 
the  main  drainage  stream  along  its  southern  margin.     The 
east-west  streams  of  the  drif tless  area  show  similar  effects  as 
a  result  of  the  same  cause,  only  the  effects  are  modified  in 
consequence  of  the  fact  that  the  stream  valleys  are  cut  in 
indurated  rocks  in  place  of  the  loose  materials  of  the  Kansan 
drift.    The  northward  facing  bluffs,  however,   are  steeper 
than  those  on  the  opposite  side  of  the  valley.     They  are 
generally  wooded,  or  at  least  are  clothed  with  ranker  vegeta- 
tion that  affords  protection  from  atmospheric  disintegration. 
As  a  result  of  the  larger  amount  of  material  carried  down 
from  the  southward  facing  slopes  on  the  northern  side,  the 
bottom  of  the  valley  inclines  southward,  and  the  stream  runs 


52  GEOLOGY  OP  JOHNSON  COUNTY. 

close  to  the  foot  of  the  steep  bluffs  that  face   to^^ard   the 
north. 

In  the  ease  of  Clear  creek  and  Old  Man  creek  the  aspect  of 
the  drainage  area  has  in  each  case  been  more  or  less  modified 
by  the  deposition  of  loess.     As  already  noted  Clear   creek 
basin  has  suffered  more  from  this  cause  than  the  other.      In 
the  drainage  basin  of  Old  Man  creek  the  loess  is  simply  a  thin 
veneer  spread  over  topographic  forms  that  had  practieallr 
reached  their  full  present  development  before  the  loess  ^ras 
laid  down.     It  is  ti'ue  the  loess  on  the  hill  tops  is  usually  a 
little  thicker  than  on  the  slopes  or  in  the  bottom  of    the 
ravines,  and  so,  taking  no  account  of  erosion  of  the  bottom  of 
the  valleys  since,  the  inequalities  of  the  surface  seem  to  have 
been  somewhat  accentuated  as  a  result  of  its  deposition ;   but 
after  all  the  difference  is  so  small  that  it  may  be  disregarded, 
and  we  may  look  upon  the  present  surface  as  essentially  what 
it  would  have  been  had  there  been  no  deposition  of  loess. 

Panlieu  creek. — A  small  intermittent  stream,  known  as  Par- 
c^ieu  creek,  begins  near  North  Liberty,  cutting  its  way  in  a 
southeast  direction  through  the  marginal  loess  covered  ridges 
surrounding  the  North  Liberty  drift  plain,  and  joins  the  Iowa 
about  two  miles  above  Coralville. 

Rapid  creek. — From  the  north  and  east  the  Iowa  receives  few 
streams  of  any  consequence.  Rapid  creek  is  the  most  impor- 
tant. It  traverses  the  loess  belt  south  of  the  Solon  lobe,  cutting 
through  to  the  Kansan  drift,  and  through  the  drift  down  into 
the  Devonian  limestone.  That  part  of  its  channel  which  lies 
above  the  northeast  corner  of  section  36,  Newport  township, 
is  probably  comparatively  new.  It  is  in  this  part  of  its  valley 
that  the  stream  runs  over  limestones.  The  valley  may  have 
been  made  since  the  loess  was  laid  down. 

Sanders  creek  is  a  small  and  very  erratic  tributary  of  Rapid 
creek,  that,  like  its  primary,  drains  a  part  of  the  deep  loess 
area  south  of  the  Solon  lobe.  Its  history  does  not  antedate 
the  deposition  of  the  loess.  Its  course  is  first  southwest; 
then  turning  at  right  angles  it  flows  northwest,  and  when 
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3,linost  within  a  stone's  throw  of  the  Iowa  river  it  bends' 
sharply  to  the  south  to  unite  its  waters  with  Rapid  creek.     A 
liigh.  loess  ridge  causes  the  sharp  bend  a  mile  above  its  mouth.. 
All  other  creeks  flowing  into  the  Iowa  from  the  north  and 
east  are  small.     Two  breaks  in  the  rim  of  hills  marking  the 
southwestern  boundary  of  the  Solon  lobe  of  lowan  drift — one 
in  section  23  and  the  other  between  sections  16  and  17  of  Big 
Grove  township — permit  small  streams  to  carry  off  the  drain- 
age waters  from  the  low  drift  plain. 

A  number  of  small  streams,  nearly  parallel  to  each  other, 
drain  the  drift  covered  areas  of  Monroe  and  Jefferson  town- 
ships. One  of  the  most  important  of  these  is  Knapp  creek 
that  passes  diagonally  through  the  western  part  of  Monroe 
township  and  joins  the  Iowa  river  in  section  27,  T.  81  N.,  R. 
VIII  W. 

STRATIGRAPHY. 

General  Relations  of  Strata. 

A  number  of  geological  formations   outcrop  within   the 

limits  of  Johnson  county.     The  indurated  rocks,  however, 

are  very  generally  concealed  by  the  thick  mantle  of  loose 

materials,  in  the  form  of  drift,  loess  and  alluvium,  which 

cover  the  whole  surface  in  some  places  to  a  depth  of  300 

feet.     All  rock  exposures  are  limited  to  the  northern  and 

northeastern  portions  of  the  county.     In  the  absence  of  such 

exposures  in  the  southwestern  townships  the  McKinley  quarry 

in  Washington  jcounty,  one-half  mile  south  of  the  Johnson 

county  line,  in  Sec.  5,  Tp.  77  N. ,  R.  VIII  W. ,  is  important  as 

throwing  light  on  the  geological  age  of  the  rocks  immediately 

beneath  the  drift  in  the  adjacent  portions  of  Johnson. 

The  known  geological  formations  of  Johnson  county  and 
their  taxonomic  relations,  are  shown  in  the  subjoined 
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Geological  Formations. 
SILUfilAN  SYSTEM. 

:/;  far  as  kuov/n  tnh  L<i  dhi'wh  limestone  is  the  oldest geo- 
\ffy\('/.u  forrfjJjt/ioD  riH\'ira!ly  f^xpoy^f^A  within  the  limits  of 
Jof»fj:/;fi  <'.()\iu\,y,  A  few  small  outcrops  of  this  limestone 
of'f'hv  rif'rir  the  \)U-^^:  of  trie  bluff  which  overlooks  the  Cedar 
nvf-r  in  \.uf*.  sout}JV/e•^t  rjuarter  of  the  northwest  quarter  of 
y/r'tion  2,  (U:(\iiv  towD.-^hip.  A  precipitous  cliff,  exposing  the 
l;irriinat^'^l   ^jua-rry   storjc  of  the  Anamosa  stage,  fronts  the 
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river  in  the  northeastern  part  of  section  3  and  adjoining  parts 
of  section  2  of  the  township  named.  The  bluff  is  about  half 
a  mile  in  length,  when  it  gives  way  at  its  southeastern  end  to 
a  low  plain  which  is  a  part  of  the  alluvial  lowlands  extending 
for  some  miles  on  both  sides  of  the  stream.  The  small  expos- 
ures of  Le  Claire  limestone  referred  to  are  seen  at  intervals 
from  twenty  to  thirty  rods  back  from  the  river  near  the  foot 
of  the  hill  where  it  faces  the  low  plain  and  trends  nearly  at 
right  angles  to  the  stream.  The  Le  Claire  limestone  is  here 
a  very  fine  grained,  hard,  highly  crystalline  dolomite,  light 
buff  or  cream  in  color.  The  several  exposures  indicate  a 
thickness  of  about  twenty  feet.  No  fossils  were  seen.  The 
reference  of  the  rock  to  the  Le  Claire  stage  is  based  on  lith- 
ological  and  stratigraphical  grounds  alone.  As  usual  with  the 
thoroughly  dolomitized  and  crystalline  beds  of  this  horizon, 
the  rock  would  make  a  very  superior  quality  of  white  lime. 

ANAMOSA   LIMESTONE. 

Characteristic  beds  of  the  Anamosa  stage  overlie  the  Le 
Claire  limestone  in  the  bluffs  already  noted  in  sections  2  and 
3  of  Cedar  township. 
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This  exposure  of  Anamosa  stone  is  aljout  forty  feet  in  thick- 
ness. The  upper  thirty  feet  is  not  divided  into  definite  layers, 
but  it  splits  readily  along  the  planes  of  lamination,  into 
smooth-surfaced  slabs  of  any  desired  thickness.  In  this  part 
of  the  exposure  there  are  many  concretions  of  chert.  In 
most  respects  it  agrees  with  the  upper  white  limestone  of  the 
quarries  at  Stone  City. 

In  the  lower  part  of  the  bluflf  the  stone  is  a  yellow,  earthy, 
rather  coarse  dolomite,  more  definitely  divided  into  layers, 
free  from  lamination  and  therefore  showing  no  tendency  to 
part  except  along  the  planes  of  bedding.    In  lithological  char- 
acters these  lower  layers  resemble  the  building  stone  beds  of 
Anamosa  age  at  Le  Claire,  in  Scott  county.     The  ledges  of 
non-laminated  stone  at  the  base  of  the  exposure  range  from 
four  to  eleven  inches  in  thickness.     A  complete  section  of  the 
bluff,  not  all  exposed,  however,  at  any  one  place,  would  give 
the  following. 

FEET. 

5.    Arenaceous,  Ught  colored  loess - 2  to  4 

4.  Pebbly  drift,  containing  a  large  number  of  bowlders 
from  one  to  three  or  four  feet  in  diameter.  Prob- 
ably of  Kansan  age 4  to  6 

3.  Laminated  bed  of  Anamosa  limestone  without  defi- 
nite partings,  with  many  lenticular  and  irregu- 
lar concretions  of  chert 30 

■ 

2.    Yellow,  non-laminated  ledges  of  Anamosa  limestone 

from  four  to  eleven  inches  in  thickness 10 

1.    Hard,   light   colored   crystalline  dolomite  of    Le 

Claire  stage 20 

The  laminated  quarry  stone  of  this  locality  has  been  known 
and,  to  a  moderate  extent,  utilized  for  more  than  half  a  cen- 
tury. It  is  to  this  locality  that  Owen  evidently  refers  in 
speaking  of  the  source  of  the  material  used  for  gravestones 
by  the  pioneer  stonecutters  of  Iowa  City.*  Owen,  however, 
locates  the  exposure  in  the  south  part  of  township  82  N. ,  R. 
V  W.,  in  place  of  in  its  true  position  in  the  north  part  of 
township  81,  and  instead  of  referring  the  strata  to  the  Silu- 

^Report  of  a  Geol.  Surv.  of  Wis.,  Iowa  and  Minn.,  p.  84.    Philadelphia,  1852 
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rian  he  includes  them  in  his  description  of  the  limestones  of 
Red  Cedar,  etc. ,  belonging  to  the  Devonian. 

Lack  of  facilities  for  transportation  has  prevented  the 
development  of  quarrying  and  lime  burning  industries  in  con- 
nection with  these  exposures  of  Anamosa  and  Le  Claire  lime- 
stone. 

BERTRAM  AND  COGGAN  BEDS. 

In  the  counties  of  Jones  and  Linn  the  Anamosa  limestone  is 
succeeded  by  a  coarse,  irregularly  bedded,  earthy  or  non- 
crystalline dolomite  that  Professor  Norton  has  called  the 
Bertram  limestone.*  The  beds  of  Bertram  limestone  are 
again  succeeded  in  Linn  county  by  what  the  same  author  calls 
the  Coggan  beds,  t  The  Coggan  beds  are  composed  of  * '  soft, 
buflP,  magnesian,  fossiliferous  limestone,"  and  with  the  depo- 
sition of  this  limestone  the  record  of  the  Silurian  in  Iowa  is 
brought  to  a  close.  No  representatives  of  either  Bertram  or 
Coggan  beds  have  been  seen  in  Johnson  county. 

DEVONIAN  SYSTEM. 

WAPSIPINICON  STAGE.      . 

Otis  and  Independence  beds. — In  Linn  and  Cedar  counties — 
and  probably  the  same  is  true  of  most  other  counties  in  which 
the  contact  of  Silurian  and  Devonian  occurs — the  magnesian 
limestones  of  the  Niagara  series  are  followed  by  non-mag- 
nesian  limestones  and  shaly  beds  of  the  Devonian.  Immedi- 
ately above  the  Coggan  beds,  where  the  series  is  complete, 
there  lies  a  fine  grained,  drab  colored  limestone,  called  the 
Otis  limestone,  and  this  is  succeeded  by  the  shales  and 
shaley  limestones  of  the  Independence  shales.  Both  Otis 
and  Independence  beds  belong  to  the  Wapsipinicon  stage 
as  defined  by  Norton,  t  Neither  Otis  nor  Independence 
beds,  however,  are  known  to  be  exposed  in  Johnson  county. 
The  lowest  member  of    the  Devonian    series  observed    in 


*Iowa  Geol.  Surr.,  vol.  IV,  p.  185.    Des  Moines,  1895. 
tlbld,  p.  138. 
$Op  clt.,  p.  156. 
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natural  exposures  is  the  brecciated   phase  of   the    TV^apsi- 
pinicon  stage   which  is   well   illustrated  at   Solon    in     Big* 
Grove  township.     The  geographical  area  within  whicli    out- 
crops of  Bertram,  Coggan,   Otis  and  Independence  strata 
might  be  expected  to  occur,  the  area  between  the  cliff   of 
Anamosa  limestone  on  the  Cedar  river  and  the  outcrops  of 
breccia  at  Solon,  is  deeply  covered  with  drift.   No  stream  val- 
leys cut  down  to  the  underlying  rocks.  Indeed,  in  portions  of 
this  area  the  rocks  do  not  come  within  200  feet  of  the  sur- 
face.    A  well  drilled  on  the  farm  of  Mr.  J.  A.  Henik  in  sec- 
tion 17  of  Cedar  township  reached  rock  at  a  depth  of  222 
feet,  and  other  deep  wells  in  the  same  neighborhood  show  tlie 
same  great  depth  of  the  superficial  deposits.    This  region,  or 
at  least  a  part  of  it,  seems  therefore  to  be  occupied  by  a  pre- 
glacial  valley  over  which  the  limestones  and  shales  wete  cut 
away,  probably  down  to  the  Delaware  stage  of  the  Niagara. 

The  Fayette  hvecda. — Southwest  of  the  exposures  of  Niagara 
limestone  on  the  Cedar  river  the  first  rocks  seen  in  place 
occur  at  Solon  and  belong  to  the  brecciated  phase  of  the  Wapsi- 
pinicon  stage.  This  phase  is  typically  illustrated  in  the  great 
railway  cut  at  Fayette,  for  which  reason  McGee  has  called 
the  formation  the  Fayette  breccia.  The  breccia  occurs  within 
the  corporate  limits  of  Solon  and  in  the  surrounding  neigh- 
borhood. The  characteristics  and  various  phases  of  this  zone, 
as  they  appear  in  Linn  county,  have  been  very  fully  described 
by  Norton.* 

Forty  rods  north  of  the  center  of  section  24,  Big  Grove 
township,  and  the  same  distance  from  the  northeast  corner  of 
the  original  town  of  Solon,  the  road  cuts  through  ledges  of 
breccia  that  correspond  to  Norton's  first  and  second  stages. 
On  the  whole,  beds  corresponding  to  the  second  stage  pre- 
dominate. The  rocks  are  made  up  of  angular  fragments  of 
very  fine  grained,  gray  or  drab  limestone  lying  in  all  possible 
positions  in  a  softer,  lighter  colored,  gray  matrix.  Some  of 
the  fragments  are  homogeneous  throughout  and  break  with 

*Iowa  Geol.  Bnrv.,  vol.  IV,  p.  167.    Des  Moines,  1895. 
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conchoidal  fracture;  some  are  very  finely  laminated  and  tend 
to  split  along  the  lamination  planes.  No  fossils  occur  in  this 
portion  of  the  breccia  either  in  the  matrix  or  in  the  embedded 
fragments. 

The  streets  in  the  northern  edge  of  Solon  pass  over  ledges 
of  breccia  which  illustrate  Norton's  second  and  third  phases 
of  this  formation.  The  phase  exhibiting  the  fine-grained, 
drab  colored  fragments  is  overlain  by  the  phase  in  which  the 
fragments  are  lighter  gray  or  buflf  in  color  and  coarser  and 
more  granular  in  texture.  The  embedded  fragments  of  this 
third  phase  contain  well  preserved  specimens  of  Atrypa  retic- 
ularis^ A.  dspera^  Orthis  iotvensis  and  Pentameriis  {Oypidula) 
corals. 

On  the  Cedar  Rapids  road,  in  the  western  edge  of  Solon, 
there  are  exposures  of  beds  partly  brecciated  that  occupy  a 
position  geologically  higher  than  the  beds  just  described. 
The  fauna  is  more  extensive  and  includes  the  following:  Dol- 
atocrinus  (sp.  und.),  Favosites  alpenensis^  F.  placenta  or  a  closely 
related  species  differing  chiefly  in  the  mode  of  growth,  Stro- 
pheodonta  dimissa^  Orthis  macfarlanei^  Spirifer  pennatus^ 
Atrypa  reticularis^  A.  a^spera^  Rhynchonella  intermedia  and 
Pentamerus  comis.  Besides  the  species  mentioned  there  are 
casts  of  a  large  gastropod,  probably  a  Platystoma,  and  an 
undetermined  species  of  Gomphoceras.  The  strata  at  this- 
point  are  very  much  shattered,  the  bedding  planes  are  oblit- 
erated, oblique  joints  intersect  the  beds  and  divide  the  mas& 
into  numberless  shapeless  pieces  from  a  few  inches  to  a  foot 
or  more  in  diameter,  the  color  ranges  through  various  shades 
of  light  brown,  yellow  and  gray,  and  the  texture  is  coarse  and 
granular.  The  stone  is  quarried  and  used  for  building  pur- 
poses to  a  limited  extent.  The  beds  here  correspond  well 
with  the  fourth  stage  of  the  brecciated  zone  as  described  by 
Norton.  They  are  geologically  equivalent  to  the  Spirifer 
pennatiis  beds  of  Buchanan  county.^ 

On  the  low  hill  which  rises  above  the  level  of  the  beds 
described,  there  are  numerous  weathered  coralla  of  Phillips- 
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OHtrea  bilUngsfi.  and  Acerruluria  david-^oui.    The  corals    £U^e 
not  in  place,  but  are  parts  of  the  residual  products  resultdng* 
from  the  decay  of  strata  that  normally  lie  above  the  level  of 
the  horizon  exposed  in  the  roadway.     At  Independence,  TVojr 
Mills  and  other  typical  localities  Phillipsastrea  occurs  imme- 
diately above    the  Spirifer  pennatus  zone,   and  Acervulan4M 
dacifhsord  occupies  a  position  from  ten  to  fifteen  feet  higher- 
Twenty  rods  west  of  the  point  just  considered  there   is 
another  exposure  on  the  south  side  of  the  road.     The  beds 
here  have  a  strong  local  dip  toward  the  east,  and  the  west 
end  of  the  exposure  shows  the  fine  grained  drab  fragments, 
free  from  fossils*  characteristic  of  the  lower  phases  of  the 
brecciated  zone. 

There  are  some  exposures  of  the  Fayette  breccia  on  the 
headwaters  of  Rapid  creek,  the  most  important  being  that 
which  occurs  on  the  farm  of  Mr.  J.  Beecher,  near  the  north- 
east comer  of  section  22,  Graham  township  (T.  80  X.,  R.  V 
W;.  Here  the  rocks  have  been  quarried  to  a  considerable 
extent.  The  phase  represented  is  Xo.  4,  of  Xorton.  In  some 
of  the  beds  the  brecciation  is  more  complete  than  any  seen  at 
the  corresponding  horizon  near  Solon.  The  fauna  includes 
the  small  Favosites  that  has  been  provisionally  referred  to  F. 
pla/mda^  together  with  OrthU  ioicensi^^  Atrypa  reticid<iris^ 
A.  anpera^  and  Pentameriis  conuH.  This  is  the  most  easterly 
exposure  of  Devonian  rocks  in  Johnson  county,  the  most  east- 
erly exposure,  indeed,  of  any  kind  in  this  direction  until  the 
ledges  of  Niagara  limestone  are  encountered  along  the  Cedar 
river  in  Cedar  county.  Between  the  Beecher  quarry  and  the 
exposures  of  Xiagara  on  the  Cedar,  there  extends  the  same 
preglacial  valley  that  separates  the  Devonian  outcrops  near 
Solon  from  the  cliffs  of  Niagara  limestone  in  section  2  of 
Cedar  township. 

The  southwesterly  dip  of  the  strata,  if  uniform,  would  carry 
the  breccia  below  the  succeeding  members  of  the  Devonian 
series  in  passing  down  the  valley  of  Rapid  creek;  but  the 
strata  have  been  thrown  into  a  series  of  low  folds  (Fig.  3), 
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and  so  at  a  few  points  la  the  axes  of  the  anticlines  the  brec- 
cia is  revealed  farther  down  the  creek.  The  mostiDstructive 
exposure  due  to  the  cause  mentioned  was  seen  in  the  8e.  qr. 


FiQ.3.    Locat  dlpduetoIoldlDKoI  DsTonlan  strata.    Baath  bank  or  Bapid  creek     g;ctlaii20, 
Graham  township. 

of  the  Ne.  J  of  Sec.  20,  Graham  township.  Here  the  fold  is 
quite  sharp,  the  strata  dipping  from  the  axis  on  either  side  at 
an  angle  of  fifteen  degrees.  The  cliff  at  this  point  is  higher 
than  usual,  and  in  the  axis  of  the  fold  shows  the  following 
section. 

FEET. 

3.  Eveal;  bedded,  rather  soft,  ahaly  limestone,  yel'ow- 
kh  in  color,  capable  of  being  quarried  in  large  alabe; 
characterized  by  many  small  individuals  of  Atrrpa 
aap^ra  and  numerous  body  plates  and  segments  of 
Stems  of  Me^i'stracrinus  laraswonbi-   -..      .- 6 

2  Hard  rock,  not  shattered  or  brecciated,  few  toBBlls,  a 
number  of  coralla  of  PltUhpsaairta  billingfi  in  a 
aingleloyer  near  the  middle  of  the  bed,  md  a  large 
celled  species  of  Alveolites     8 

].  Fourth  phase  of  brecciated  zone,  imperfectly  bedded, 
rock  hard  hut  very  much  shattered,  and  divided 
into  small  angular  pieces  hy  oblique  joints.  Fauna 
contains 0.tbi%iowenais,  Atrjpa reticularis, A. aaotta 
and  Patttaatrutcomis. 12 
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In  this  section  number  1  belongs  to  the  Wapsipinicon  stagfe, 
while  numbers  2  and  3  represent  the  Cedar  Valley  stage  of  tlie 
Devonian.     Owing  to  the  sharpness  of  the  fold  the  Phillips- 
astrea  beds  descend  below  the  level  of  the  creek  a  few  rods 
east  of  the  axis,  and  the  Megistocrinus  beds  attain  a  tliick:- 
ness  of  fifteen  feet. 

THE  CEDAR  VALLEY  STAGE. 

All  the  limestone  beds  in  Iowa  of  Devonian  age,  at  least  all 
lying  between  the  Independence  shales  and  the  Lime  Creek 
shales,  have  been  grouped  under  the  name  of  Cedar  Valley 
liipestone  by  McGee*  and  Keyes.f    Norton,  +  however,  places 
the  Fayette  breccia,   including  the  SpiHfer  pennatus  beds, 
together  with  the  Independence  shales  and  the  Otis  limestone, 
uiider  the  Wapsipinicon  stage.     According  to  this  arrange- 
ment the  Cedar  Valley  stage  begins  with  the  coral-bearingf 
horizon  overlying  the  Spirifev  pennatus  beds. 

The  characteristics  of  the  Cedar  Valley  limestone,  as  devel- 
oped in  Johnson  county,  are  best  illustrated  in  the  following 
sections. 

TYPICAL  LOCALITIES  AND  EXPOSURES. 

The  exposure  which  most  clearly  shows  the  contact  of  the 
Cedar  Valley  with  the  Wapsipinicon  stage  is  that  already 
described  in  the  northeast  quarter  of  section  20,  Graham 
township.  The  Phillipsastrea  beds,  number  2,  and  the  Megist- 
ocrinus beds,  number  3,  of  that  section  belong  to  the  Cedar 
Valley,  while  the  brecciated  beds,  number  1,  belong  to  Nor- 
ton's Wapsipinicon.  The  Megistocrinus  beds  are  well  exposed 
at  many  points  farther  down  the  creek,  their  last  appearance 
along  this  stream  occurring  near  the  northeast  corner  of  sec- 
tion 36,  Newport  township. 

Near  Solon,  along  a  small  creek  that  flows  through  tha 
northern  part  of  section  26,  Big  Grove  township,  there  are 
several  small  quarries  worked  in  the  Megistocrinus  beds. 

*  Eleventh  Ann.  Rept.  U.  S.  Geol.  Burv.,  p.  314. 
tlowa  Geol.  Surv.,  vol.  I,  p.  34. 
tlowa  Geol.  Surv.,  vol.  IV,  p.  157, 
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The  layers  are  soft,  shaly,  and  in  color  vary  from  light  gray 
to  yellow.  They  are  intersected  by  obliq^ue  joints  which, 
however,  do  not  interfere  with  quarrying  out  blocks  of  con- 
siderable size.  The  bedding  is  parallel.  The  fauna  includes 
Phaeops  rana  Green,  two  or  three  species  of  Platyceras  or 
Capulus,  Stropheodonta  demissa  Conrad,  Orthis  iowensis  Hall, 
Spirifer  pennatus  Owei,  Spirifer  subwidifei'vs  M.  &W.,  AU^ypa 
reticularis  Linne,  A,  dspera  Scloth.,  Megistocrinvs  famsworthi 
White,  Aulocophylliun  princeps  Hall,  Acervularia  related  to 
A.  davidsoni  as  that  species  is  generally  recognized,  Favo- 
sites  alpenensis  A.  Winchell,  or  a  related  species,  a  hemispheri- 
cal species  like  F.  emmonsi  Rom.,  and  Astrceaspongia  hamil- 
tonerisis  M.  &  W.  The  beds  in  these  quarries  are  equivalent 
to  the  Megistocrinus  beds  of  the  preceding  exposure.  The 
Atrypa  aspera  is  small  as  is  usual  in  beds  of  this  horizon.  The 
Megistocrinus,  Aulocophyllum,  small  A.  aspera  and  Astraea- 
spongia  are  the  most  characteristic  forms  of  the  Megisto- 
crinus fauna. 

At  Eicher's  quarry,  located  in  the  left  bank  of  the  Iowa 
river  in  northwest  quarter  of  section  27,  Newport  township, 
the  following  section  is  exposed. 

FEET. 

9.  Brown  limestone,  with  crinoid  stems,  a  Cladopora 
related  to  the  form  described  by  Hall  as  Striato- 
pora  ragosa,  but  having  the  branches  and  polyp 
tubes  very  much  smaller,  and  a  large  coarsely 
ribbed  variety  of  Atrypa  retkttlaris 4 

8.    Drab  granular  limestone,  no  fossils —    8 

7.  Coral  reef  composed  chiefly  of  coralla  of  Acervularia 
davidsoni  E.  &  H.,  but  containing,  many  coralla  of 
Fayosites  and  Ptychophyllum 2 

6.  Moderately  hard  bed  with  crinoid  stems,  Spirifer  par- 
lyaaus,  Airypa  reticularis^  Favosites,  Cyathophyl- 
lum,  Cystiphyllum,  etc 1i 

5.  Shaly  limestone  with  many  small  crinoid  stems,  Cbo- 
netes  acitula  Hall,  Spiri&r  parry anua  Hall,  Tenta- 
culites  boyti  White,  and  Monticulipora  monticola 
White li 

4.  Hard  ledge  with  many  small  crinoid  stems,  Cladopora, 
Ptychophyllum  and  some  large  coralla  of  Acer- 
vularia  - 2 
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3.    Yellow  shaly  bed  with  Atry pa,  Orthls,  etc 2 

2.    Yellow  and  gray  shaly  limestone,  without  fossils 13 

I.  Moderately  hard  limestone,  intersected  by  a  number 

of  oblique  joints,  light  colored,  laminated,  with 
many  stem  segments  and  some  perfect  calyces  of 
Megistocrinus  and  other  species  characteristic  of 
the  Megistocrinus  fauna.    Megistocrinus  beds 15 

At  the  Hutchinson  quarry  (figure  4)  on  the  west  side  of  river 
at  Iowa  City,  the  section  exposed  shows  — 

FEET. 

II.  Loess 2to    6 

10.    Kansan  drift 8 

9.    "White  limestone,  fine  grained,  breaking  with  con- 
choidal  fracture,  containing  in  places  many  casts 

of  Straparollas  cjclosfomus  Hall 12 

8.    Rather  fine  grained,  grayish  limestone,  crowded  in 
some  places  with  stems  of  Idiostroma  csespitosum 

Win 2 

7.    Gray,  earthy,  granular  limestone 6 

6.    Irregularly  bedded  limestone  in  rather  thick  layers 
with  many  included  coralla  of  Acervularia,  Stro- 

matopora,  Idiostroma,  etc  10 

5.    Hard,  grayish-blue  limestone,  weathering  yellow,  in 

ledges  6  to  10  inches  thick,  quite  free  from  fossils.    5 

4.     Coral  reef  (No.  7  of  Eicher's  quarry) 2 

3.    Bluish-gray  limestone 4 

2.     Dark  colored  bed  with  many  corals,  Cystiphyllum,  etc .     1 
1.     Blue  limestone,  in  heavy  ledges,  1  to  2  feet  in  thick- 
ness, with  Atry  pa  reticularis  f  SpirilcT  parry  anus..-    6 

Numbers  1  and  2  of  the  Hutchinson  quarry  section  are 
equivalent  to  numbers  5  and  6  at  Eicher's,  while  number  5, 
though  only  five  feet  in  thickness,  is  equivalent  to  8  and  9  of 
the  Eicher  quarry.  At  the  Eicher  quarrj'^  the  uppermost  mem- 
ber of  the  section  is  still  below  the  Idiostroma  horizon,  which 
is  represented  by  number  6,  of  the  Hutchinson  section.  About 
one-half  mile  east  of  Eicher's  quarry,  in  the  valley  of  Sanders 
creek,  the  Idiostroma  beds,  with  their  characteristic  crinkled 
coralloid  stems,  are  well  exposed.  The  channel  of  the  creek 
•cuts  down  to  the  coral  reef  bed,  number  7  of  Eicher's,  number 
4  of  Hutchinson^s.     Between  the  two  bridges  at  Iowa  City  an 
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in  oceanic  currents  attended  by  rapid  elevation  or  depression 
of  temperature,  earthquake  shocks  even,  or  concentration  of 
sea  water  in  a  temporarily  isolated  basin,  would  be  competent 
to  produce  the  observed  result.  Whatever  the  cause,  it  was 
effective,  and  every  square  yard  of  sea  bottom  received  its 
quota  of  dead  fishes. 

Several  genera  and  species  are  indicated  amid  the  profusion 
of  fish  remains  interred  in  this  old  cemetery.  One  of  the  most 
common  forms  is  the  well  known  Devonian  type,  Ptyctodus. 
Teeth  of  this  genus  are  sometimes  literally  crowded  together 
to  form  a  sort  of  fish  tooth  conglomerate.  These  teeth  or 
tritors  vary  in  size  and  shape,  and  in  the  degree  of  wear  to 
which  they  were  subjected  before  the  death  of  their  owners; 
but  in  the  opinion  of  experts  to  whom  they  have  been  sub- 
mitted, they  probably  all  belong  to  the  single  species  Ptycto- 
dus calceolus.  Along  with  Ptyctodus  are  remains  of  one  or 
more  species  of  Devonian  Placoderms,  as  indicated  by  great 
numbers  of  imperfect  dermal  plates.  The  Dipnoan  genus 
Dipterus  is  represented  by  a  number  of  the  interesting  wing- 
shaped  teeth  characteristic  of  this  very  old  but  persistent 
type;  and  there  are  teeth  evidently  related  to  Dipterus,  but 
so  different  as  probably  to  make  generic  separation  necessary. 

But  more  interesting  than  all  the  rest,  and  far  outnumber- 
ing the  teeth  that  could  at  first  sight  be  referred  to  Dipterus, 
or  to  related  genera,  is  a  vast  assemblage  of  teeth  of  varying 
shapes  and  dimensions,  that  bear  a  striking  external  resem- 
blance to  the  crushing  teeth  of  certain  genera  of  Lower  Car- 
boniferous sharks.  In  the  opinion  of  Dr.  C.  R.  Eastman,  how- 
ever,  it  is  doubtful  if  there  are  any  Selachian  teeth  in  the 
entire  lot.  He  finds  that,  microscopically,  so  far  as  sections 
have  been  made,  they  are  all  identical  in  structure  with  the 
teeth  of  Lung  fishes  or  Dipnoajis.  They  seem  indeed  to  be 
primitive  Dipnoans,  exhibiting  a  stage  of  evolution  not  far 
removed  from  the  point  whence  the  Dipnoan  and  Elasmo- 
branch  type  diverged;  and  their  careful  study  will  doubtless 
throw  much  light  on  the  nature  of  the  relationships  existing 
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This  quarry  has  been  worked  for  some  years  by  ;Mr.  Gilbert 
Irish.  The  section,  below  a  thin  bed  of  loess  aod  Kslhsslu 
till,  shows — 


8.    Hard,  ferruginous,  reddish  brown  sandstone  of  Des 

Moines  stage,  Upper  Carboniferous 6 

7.    Whitisb-gray,  fine  grained  limestone 8 

6.    Idioetroma  beds,  containing  as  usual  many  massive 

stromatoporoids  and  some  cor  alia  of  Acervularia..  15 

5.     Heavy  tough  ledge  of  limestone 4 

4.  Bluish-gray  limestone,  weathering  yellow,  contain  in  of 
large,  course  ribbed  A  try  pas  and  the  small 
branched,  small  celled  Cladopora  found  at  same 
horizon  in  Eicher's  quarry 8 

3.  Bluish-gray  limestone  in  two  ledges,  first  ledge  con- 
taining many  crinoid  stems 4 

2.    Coral  reef  equivalent  to  4  of  Hutchinson's  and  7  of 

Eicher's - 2 

1.  Bluish  beds  with  great  numbers  of  broken,  crushed, 
detached  valves  of  Spirifer  parrjanus  and  the 
robust,  large  celled  Cladopora  (C.  iowensis  Owen 
sp.)  described  as  Striatopora  rugosA  by  Hall 2 

The  coral  reef  bed  of  the  preceding  sections  is  very 
constant  throughout  the  county.  The  reef  is  made  up  chiefly 
of  coralla  of  Acervularia  davidsoni  E.  &  H.,  with  which  are 
associated  Ptychophyllum  versiforme  Hall,  Favosites  aVpenensis 
Winchell,  and  a  Favosites  resembling  F.  emmonsi  Romingfer, 
but  diflPering  from  it  only  in  having  the  tabulae  complete.  The 
reef  is  preceded  by  beds  containing  Spirifer  parryanus  Hall, 
and  Cladopora  iowensis  Owen.  It  is  followed  by  beds  that  are  at 
first  barren,  but  which  generally,  a  few  feet  above  the  reef, 
become  fossiliferous  and  yield  the  large  coarse  ribbed  Atrypa 
reticularis  and  the  small  unnamed  Cladopora  of  the  same  type 
as  C.  iowensis.  Lithologically  the  beds  above  the  reef  are 
different  in  different  localities.  In  some  places  they  are  hard 
bluish-gray  limestone,  in  other  places,  partly  on  account  of 
weathering,  they  are  yellow  limestone,  and  in  still  other 
localities  they  present  the  appearance  of  yellow  calcareous 
shale. 


9 
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A  few  rods  southeast  of  the  bridge  over  Rapid  creek,  near 
the  northeast  comer  of  section  36,  Newport  township,  the  coral 
reef  is  seen  extending  across  the  wagon  road.  All  the  exposures 
between  that  point  and  the  headwaters  of  the  creek  near  Elmira 
lie  below  the  coral  reef  horizon.  The  most  easterly  exposures, 
as  already  described,  belong  to  the  brecciated  phases  of  the 
Wapsipinicon  stage.  This  same  coral  reef,  with  the  same 
association  of  beds,  lithologically  and  paleontologically, 
-above  and  below  it,  occurs  as  far  north  as  Littleton  in 
Buchanan  county. 

Between  Linder's  boat  house  and  the  bridge  at  Butler's 
landing,  sections  33  and  34,  Penn  township,  the  rock  expos- 
ures in  south  bank  of  river  embrace  all  the  strata  between 
the  Cystiphyllum  and  S.  pari'yanus  beds  beneath  the  coral 
reef,  and  the  white,  fine  grained  limestone  at  the  top  of  the 
sections  in  the  Hutchinson  and  Sanders  quarries.  The  coral 
reef  occurs  in  the  bed  of  a  small  wash  west  of  the  boat  house, 
and  in  following  it  down  the  river  it  rises  higher  and  higher 
above  the  water.  It  here  aflEords  specimens  of  Acervuluria 
davidsoni  of  exceptional  beauty  and  perfection.  The  white 
limestone  at  the  top  of  the  bluflE  was  formerly  used  exten- 
sively for  lime  burning.  The  upper  surface  of  this  hard,  fine 
grained  limestone  retains  glacial  scorings  which,  as  usual  in 
this  vicinity,  have  an  average  direction  of  south  63^  east. 
Some  portions  of  this  limestone  are  much  shattered  and  show 
-a  tendency  to  brecciation. 

In  the  northeast  quarter  of  the  northwest  quarter  of  section 
21,  Penn  township,  there  is  a  rock- walled  ravine  which  leads 
down  to  the  river  in  the  northeast  quarter  of  the  same  sec- 
tion, and  exposes  the  full  series  of  beds  from  a  few  feet 
below  the  coral  reef  to  the  top  of  the  white  limestone.  The 
corals  are  here  distributed  through  a  greater  thickness  of 
rock  than  at  the  other  localities  described,  and  are  associated 
with  large  specimens  of  Spirifer  parryanus,  the  coarse  ribbed 
Atnjpa  retirularlH  and  Pentamerella  (hthia.  The  white  lime- 
stone and   part  of  the  Idiostroma  bed  were  formerly  made 


into  I :n.>^  tv^  jk  V  .-,  : ^^i  r  \': t  i :.   T!>r  liiae  kiln  at  this  point,  how- 
evor.  has  :\\r  5*..**  t*  ;*•.  i.^  :«r*Tr  Arur-ic^ned.  • 

A  short  vL>:j«  -  .'i^  ^  j.>c  ,r  t-i-r  ..v-ilitT  above  deseribed,  in  the 
bluff  fv^rtivvjc  *>e  .-:  *:  :vl:i£    :  t--r  r.ver,  there  is  an  exposure 
oxtoiuhv.iT  tVr  r.    -^^   tMi   i^  :  Jk  rzile  above  the    mouth    of 
l\irk\\v  orwk>     Vx-i^y  v-rv- £  r^^^  hr-n?  cut  a  vallejr   150  feet 
in  Uopth.  arvi  uv  :> -s  ^^i   ^y   f  r  sk^me  distance    there   are 
t^x|H>surtNs  ot  :'\o  -sAr^'-.-e  ^vvl-s  >«er:  z  :z  the  biuff  facing  the  river. 
In  tho  rivor  Ku'Tsv  j^  ^ir^  /  as  in  th^e  bluffs  of  its  tributary, 
tho  i\H*ks  iit\^  '.i'v^'^v  vv-.'^jkltv.   bv  talus,  and  hence   it  is 
im|H^ssiMo  tv^  ixuik^^  Ji  xv: ..  r.  :::  virriaiL     At  the  upper  end  of 
tho  rlvor  MxitTs  hv^x\v\^r.  ^.-..^ts:  .i:r^-tlv  south  of  the  center 
of  sooti\m  l\  in  No>*".v^r:  v^arnshii^.  the  strata  at  the  level  of 
tho  wutor  ivutara  •^'       .  -  -••^  ;  '     .  *:yi  and  Ai-^rvularM pro- 
/ut4ifi9s     Wo  hj^vt^  horo  tho  Iv^xrt^t  ciember  of  the  Cedar  Valley 
Htu>rt\      AUna   sovo::    t\vt   of    the   Phillipsastrea    bed     are 
t\xpiVMo\K     Tao  Ihm  vu^ns  r.v^t  shv^w  liedaite  stratification,  and 
U  hiHniks  ujv  \m  \vv\4:>.or::.ir*  i-*.to  small  angular  chips. 

Tho  Moiiistwrinxis  ly\:s  tV/.v^w.  as  usual,  those  containing 
fiu//ii^<iisf'\x9.     Thov  ;4r\^  rvv^uhir>  stratified  and  the  effect 
of   tht>  Nvoatlun*  \>tvaks  thorn  i:;>  into  large  slabs  or  plane- 
Hiirfjuu^ii  bUu^ks,     S\va\o  layors  aro  heavy,  hard,  and  capable 
of  furnisl\in)f  ^^HHl  xiuarry  stone.     Others  are  soft,  shalj,  yel- 
lowish In  oohMMO\il  a>:ivo  woU  with  the  common  phase  near 
HoNmi  and  uU*u^*  Kapi^l  oiwk.    The  usual  fossils  occur,  Orthis 
intrttisls  hoiufi'  iu  s\uuo  pla^^vs  unusually  abundant.     Above 
tho  Mi^^i.stt»orit\us  IhhIs  tho  iwks  are  shaly  as  at  the  Eicher 
<|un.n\Vi  and  tht^  hill  sK»po  is  ooveivd  with  talus.     Among  the 
Uu)H{\  nialtM'ial   an^  luanv   weathered  eoralla  of  Acervularia 
tfarit/.sotn\  alon^;'  with  spooios  of  Favosites,  Idiostroma  and 
oth^r  foi'iuM.all  of  whiv»h  bolong  to  higher  horizons.     Seventy 
ftM'i  n.lH)M«  tho  hnol  of  tho  river,  near  the  south  end  of  the 
hhill',  a  \ts{\y'{\  hiMMi  \\\  phioo  contained  Acercularia  david^ojii^ 
and  in  llu^  lihilV  I'aiMn;^*  Turkej' creek,  eighty  feet  above  the 
hwtd  of  tih^   valloy,  ll\oro  is  an  abandoned  lime  kiln,  near 
which  in  an  oM  <|iaM  ry  showing  the  Idiostroma  bed  overlain 


LIMESTONE  IN  JEFFERSON  TOWNSHIP.  69 

by  white,  fine  grained,  horizontally  bedded  limestone. 
3etween  the  base  of  the  Phillipsastrea  beds  and  the  summit 
of  the  white  limestone  there  occurs  the  whole  thickness  of 
the  Cedar  Valley  stage  as  it  is  developed  in  Johnson  county. 
The  quarry  north  of  the  iron  bridge,  in  section  25  of  JeflEer- 
son  township,  shows  some  modifications  of  the  succession  of 
strata  occuring  farther  down  the  river.  The  following  is  the 
section  at  this  point. 

FBET. 

10.    Loess 2tol0 

9.    Pebbly  drift,  Kansan 3 

8.  Decayed  limestone,  with  bowlders  of  disintegration 
embedded  in  highly  oxidized  dark  reddish-brown 

residual  clay 3 

7.  Light  colored,  evenly  bedded,  fine  grained  white  lime- 
stone   - 10 

6.  Coral  breccia,  composed  of  coralla  of  Acervularia, 
small  cylindirical  Favosites,  a  peculiar  Diphy- 
phyllum,  a  very  elongated  Cyathophyllum,  Idios- 

troma  and  massive  stromatoporoids 6to    8 

5.    Reef  of  closely  crowded  masses  of  Acervularia 2 

4.  Regular  heavy  layers  of  fairly  good  quarry  stone,  con- 
taining  coralla   of    Acervularia    and    Favosites 

sparsely  distributed 6 

3.  Blue  limestone  in  layers  from  6  inches  to  2  feet  thick, 
composed  of  fragments  of  crinoids  and   broken 

shells  of  brachiopods 7 

2.    Shale  and  shaly  limestone..: H 

1.    Heavy  blue  limestone  with  concretions  of  pyrites 2 

Spirifer  peimatua  occurs  in  the  lower  part  of  number  3.  In  the 
upper  part  are  S.  parry  anus  and  S.  asper.  Number  4  contains, 
besides  the  corals,  Dielasma  iowenaiSy  Pmtamerella  duhia 
and  a  Conocardium.  No.  5  seems  to  be  the  coral  reef  bed  of 
the  sections  near  Iowa  City  with  the  layers  between  the 
Acervularia  reef  and  the  Idiostroma  bed  omitted.  No.  6  is  the 
Idiostroma  bed,  but  it  is  here  very  much  richer  in  true  corals, 
such  as  Favosites,  Cyathophyllum,  Diphyphyllum,  and  Acer- 
vularia, than  usual.  Nos.  7  and  8  together  represent  the 
white  limestone  with  which  the  normal  Devonian  sections  of 
the  county  terminate. 

7  O.  Bap. 


I 
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into  lime  to  a  limited  extent.   The  lime  kiln  at  this  point,  how- 
ever, has  for  some  years  been  abandoned.  • 

A  short  distance  east  of  the  locality  above  described,  in  the 
bluflf  forming  the  left  bank  of  the  river,  there  is  an  exposure 
extending  for  more  than  half  a  mile  above  the  mouth    of 
Turkey  creek.     Turkey  creek  has  here  cut  a  valley  150  /eet 
in  depth,  and  up  this  valley  for  some  distance  there    are 
exposures  of  the  same  beds  seen  in  the  bluflf  facing  the  river. 
In  the  river  bluffs,  as  well  as  in  the  bluffs  of  its  tributarj^, 
the  rocks  are  largely  concealed   by  talus,  and  hence    it  is 
impossible  to  make  a  section  in  detail.     At  the  upper  end  of 
the  river  bluflf,  however,  almost  directly  south  of  the  center 
of  section  15,  in  Newport  township,  the  strata  at  the  level  of 
the  water  contain  Phillipsastrea  billings  i  and  Aee7*vidaria  pro- 
funda.   We  have  here  the  lowest  member  of  the  Cedar  Valley 
stage.      About  seven    feet  of    the  Phillipsastrea    bed    are 
exposed.     The  bed  does  not  show  definite  stratification,  and 
it  breaks  up,  on  weathering,  into  small  angular  chips. 

The  Megistocrinus  beds  follow,  as  usual,  those  containing' 
Phillipsastrea.     They  are  regularly  stratified  and  the  effect 
of  the  weather  breaks  them  up  into  large  slabs  or  plane- 
surfaced  blocks.     Some  layers  are  heavy,  hard,  and  capable 
of  furnishing  good  quarry  stone.     Others  are  soft,  shaly,  yel- 
lowish in  color  and  agree  well  with  the  common  phase  near 
Solon  and  along  Rapid  creek.    The  usual  fossils  occur,  Orthis 
ioivensis  being  in  some  places  unusually  abundant.     Above 
the  Megistocrinus  beds  the  rocks  are  shaly  as  at  the  Eicher 
quarry,  and  the  hill  slope  is  covered  with  talus.     Among  the 
loose  material  are  many  weathered  coralla  of  Acervulaina 
davidsoiii^  along  with  species  of  Favosites,  Idiostroma  and 
other  forms,  all  of  which  belong  to  higher  horizons.     Seventy 
feet  above  the  level  of  the  river,  near  the  south  end  of  the 
bluflf,  a  ledge  seen  in  place  contained  Acervularia  d^ividsoni^ 
and  in  the  bluflf  facing  Turkey  creek,  eighty  feet  above  the 
level  of  the  valley,  there  is  an  abandoned  lime  kiln,  near 
which  is  an  old  quarry  showing  the  Idiostroma  bed  overlain 
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by  white,  fine  grained,  horizontally  bedded  limestone. 
Between  the  base  of  the  Phillipsastrea  beds  and  the  summit 
of  the  white  limestone  there  occurs  the  whole  thickness  of 
the  Cedar  Valley  stage  as  it  is  developed  in  Johnson  county. 
The  quarry  north  of  the  iron  bridge,  in  section  25  of  Jeffer- 
son township,  shows  some  modifications  of  the  succession  of 
strata  occuring  farther  down  the  river.  The  following  is  the 
section  at  this  point. 

FBET. 

10.    Loess 2tolO 

9.    Pebbly  drift,  Kansan 3 

8.  Decayed  limestone,  with  bowlders  of  disintegration 
embedded  in  highly  oxidized  dark  reddish-brown 

residual  clay 3 

7.  Light  colored,  evenly  bedded,  fine  grained  white  lime- 
stone   10 

6.  Coral  breccia,  composed  of  coralla  of  Acervularia, 
small  cylindirical  Favosites,  a  peculiar  Diphy- 
phyllum,  a  very  elongated  Cyathophyllum,  Idios- 

troma  and  massive  stromatoporoids 6to    8 

5.    Reef  of  closely  crowded  masses  of  Acervularia 2 

4.  Regular  heavy  layers  of  fairly  good  quarry  stone,  con- 
taining  coralla   of    Acervularia    and    Favosites 

sparsely  distributed 6 

3.  Blue  limestone  in  layers  from  6  inches  to  2  feet  thick, 
composed  of  fragments  of  crinoids  and   broken 

shells  of  brachiopods 7 

2.    Shale  and  shaly  limestone..: : li 

1.    Heavy  blue  limestone  with  concretions  of  pyrites 2 

Spirifer  pennatua  occurs  in  the  lower  part  of  number 3.  In  the 
upper  part  are  S.  pai*ryanus  and  S.  dspei*.  Number  4  contains, 
besides  the  corals,  Dieldsma  iowensia^  Pentamerella  duhia 
and  a  Conocardium.  No.  5  seems  to  be  the  coral  reef  bed  of 
the  sections  near  Iowa  City  with  the  layers  between  the 
Acervularia  reef  and  the  Idiostroma  bed  omitted.  No.  6  is  the 
Idiostroma  bed,  but  it  is  here  very  much  richer  in  true  corals, 
such  as  Favosites,  Cyathophyllum,  Diphyphyllum,  and  Acer- 
vularia, than  usual.  Nos.  7  and  8  together  represent  the 
white  limestone  with  which  the  normal  Devonian  sections  of 
the  county  terminate. 

7  0,  Bap. 
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At  the  railway  quarry,  on  land  belonging  to  Mr.  EL  Clark, 
in  the  west  bank  of  the  river  north  of  Coral ville,  beds  equiv- 
alent to  the  upper  part  of  the  sections  already  descril>e<3,  are 
exposed.  Beneath  the  overlying  loess  and  drift  the  follo^wing 
strata  occur. 

FXIET. 

5.    White  limestone 12 

4.    Stratum  crowded  with  casts  of  SirMparolhta  cjrelosto- 

mtta  Hall li 

3.  Limestone  weathering  into  thin  fragments,  containing 
some  specimens  of  Idiostroma  and  colonies  of  a  cyl- 
indrical Favosites 4 

2.  Gray  limestone  crowded  with  Idiostroma  and  other 
stromatoporoids.  This  with  No.  3  represents  the 
Idiostroma  beds  of  preceding  sections 8 

1.    Hard  blue  limestone,  containing  some  large  coralla  of 

Acervularia ........... 4 

At  the  state  quarries  on  the  west  side  of  the  river  in  sec- 
tion 5,  of  Penn  township,  the  Cedar  Valley  limestones  are 
exposed  near  the  base  of  the  river  bluffs  and  in  the  sides  of 
the  small  tributary  valleys.     One  of  these  valleys,  in  the  left 
bank  of  which  there  are  three  or  four  quarries  which  may  be 
called  the  south  quarries  of  the  state  quarry  stone,  gives  a 
complete  section  from  the  upper  part  of  the  Megistocrinus 
beds  to  the  white,    fine-grained  limestone  with  which  the 
Cedar  valley  stage  terminates  in  this  locality.  Near  the  river 
the  beds  contain  the  stem  segments  of  crinoids,  the  Atrypa 
aspera  and  the  broad   Orthis  imvenais  of  the  Megistocrinus 
zone.     For  a  short  distance,  following  the  ravine  back  from 
the  river,  the  beds  are  not  well  exposed,  but  thirty  rods  from 
the  mouth  of  the  valley  the  beds  show  the  horizon  of  Spirifer 
pa/n*yanii8^   above    which  the    coral    reef    bed    is    typically 
developed,  and  this  is  followed  by  yellow  shaly  limestone. 
Further  up  the  valley  exposures  are  found  at  intervals.   One- 
half  mile  back  from  the  river  the  Idiostroma  bed  occurs  in 
sides  and  bottom  of  the  small  creek  channel,  and  is  followed 
normally  by  the  white  fine-grained  limestone.     A  thin  layer 
above  the  Idiostroma  zone  is  crowded  with  shells  of  Strap- 
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arollus  cyclostomus.  The  beds,  as  they  successively  appear 
in  the  creek  in  following  up  the  ravine,  give  the  normal  sec- 
tion of  the  Cedar  valley  stage  and  nothing  more.  That  sec- 
tion does  not  include  the  quarry  stone  of  the  state  quarries. 
In  the  bluffs  along  the  river  front  the  quarry  stone  rests  on  the 
Megistocrinus  bed,  but  in  the  secondary  valleys  its  base  tises 
in  the  bluffs  more  rapidly  than  the  bottom  of  the  ravine 
ascends,  and  within  less  than  one-half  mile  back  from  the  river 
it  entirely  disappears.  The  beds  constituting  the  state  quar- 
ries are  a  local  deposit,  and  do  not  belong  to  the  Cedar  valley 
section. 

From  the  several  sections  and  exposures  described  the 
general  section  of  the  Cedar  valley  stage  may  be  constituted. 

GBNSRAIi  SECTION,  CEDAR  VAIiLEY  LIMESTONE. 

FEET. 

11.  White,  fine-grained  limestone,  brecciated  in  upper 
part.  Fossilfl  rare  except  in  bed  near  base,  which 
is  sometimes  crowded  with  shells  of  StraparottuM 
cfcloatomtts 20 

10.  Upper  Idiostroma  bed  of  Hutchinson  quarry.  This 
bed  is  not  everywhere  separated  from  the  lower 
bed  No.  8 2 

9.    Gray,  limestone,  resembling  No.  11 -..„    0 

8.  Bed  with  large  stemmed  Idiostroma,  spherical  stro- 
matoporoids,  some  colonies  of  Acervularia  and 
many  small  cylindrical  forms  of  Favosites 10 

7.  Beds  varying  much  in  different  localities,  usually 
shaly  and  yellow  in  color  after  exposure  to 
weather 5  to  10 

6.    Coralreef 2 

5.  Bed  with  numerous  small  crinoid  or  cystldean  stems, 
Cladoporm  iowensis  Owen,  and  StrobUocjatites 
calrini  White — Nos.  6  and  6  of  Eicher's  quarry 3 

4.  Blue  quarry  stone  in  most  quarries,  with  Cjadpbxl- 
lum  conifbJle.  Cjatbopbyttum  robusinin,  Ptycho- 
phyllum  and  Acervularia.  Nos.  3  and  4  of  Eicher's 
quarry 4  to    8 

3.    Beds  varying  locally,  usually  without  fossils.  No.  2 

of  Eicher*8  quarry 12  to  20 

2.  Megistocrinus  beds,  typically  developed  in  the  quar- 
ries one  and  one-half  miles  southwest  of  Solon, 
and  along  Rapid  creek  in  sections  20  and  21, 
Graham  township 16 

1,    Phillipsastrea  beds , 8 
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shales  belonging  to  the  Des  Moines  stage.     Deposits  of  tMs 
stage  were  once  general  over  the  whole  area,  but  erosive 
agents  have  swept  them  nearly  all  away,  and  it  is  only  in  a 
few  favored  localities  that  they  have  been  protected  and  pre- 
served.    During  the  time  represented  by  the  Lower  Carl>oii- 
iferous  (Mississippian)  series  the  northeastern  part  of    tlie 
county  was  dry  land  and  subject  to  subaerial  erosion.     With 
the  retreat  of  the  Kinderhook  sea  the  whole  county  became 
subject  to  the  same  influences.     As  the  land  rose  higher  and 
higher  above  sea  level,  deep  valleys  were  cut  in  Devonian  and 
Kinderhook  strata.     During  the  Des  Moines  stage  of  the  Car- 
boniferous, however,  the  county  was  part  of  a  great  area  of 
subsidence  over  which  the  sea  eventually  returned  and  spread 
sheets  of  coal  measure  shales  and  sandstones^     The  erosion 
valleys  were  filled,  and  the  highlands  may  even  have  been 
covered  with  Carboniferous  sediments.     Denudation  has  long- 
since  stripped  oflE  these  sediments  except  where  they  were 
protected  in  the  pre-Carboniferous  valleys. 

The  Iowa  City  mdlier. — There  are  two  principal  areas  of 
coal  measure  deposits  in  Johnson  county.  The  first  begins  in 
the  northern  part  of  Iowa  City  and  extends  beyond  the  middle 
of  section  3  in  Lucas  township.  It  occupies  an  old  valley 
that,  as  ascertained  by  borings,  was  more  than  eighty  feet  in 
depth.  The  residence  of  Mr.  Euclid  Sanders  stands  almost 
directly  over  the  center  of  the  valley.  The  right  wall  of  the 
valley  is  seen  at  the  Sanders  quarry  below  the  old  mill  where 
coal  measure  deposits  overlap  eroded  edges  of  Devonian 
strata.  (Fig.  8.)  The  left  wall  is  seen  in  Sanders'  pasture, 
thirty  rods  east  of  the  barn.  The  coal  measure  beds  end 
abruptly  and  their  place  is  taken  by  the  white  limestone  of 
the  upper  part  of  the  Cedar  Valley  stage.  The  left  wall  was 
at  this  point  more  precipitous  than  the  right,  for  only  a  few 
rods  away  a  shaft  made  in  prospecting  for  coal  went  down 
from  forty  to  sixty  feet  without  striking  limestone. 

North  of  the  old  Terrill  mill  there  are  two  exposures  of 
shaly  sandstone  belonging  to  the  Iowa  City  Carboniferous 
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are  a  brachiopod  coquina  having  the  interstices  completely 
filled  with  crystalline  calcite. 

Near  the  middle  of  the  formation  the  rock  consists  of  thick 
ledges  which,  some  years  ago,  were  worked  extensively. 
(Fig.  6.)  From  these  beds  came  the  large  limestone  blocks 
used  in  the  foundation  of  the  new  state  capitol.     Although 
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Pia.l.  view  Id  the  StaM  QDkrrj,  BactloDS,  Peim  toniMbijt.  A  maa  stands  In  front  ot  the 
principal  ledse  trom  which  the  limestone  blocks  used  In  the  touDdatlon  of  the  present 
state  eapltol  were  obtained.  Some  of  the  rejected  blocks  In  the  torcRroiind  contain  con- 
siderable quantities  of  chert  with  which  are  associated  great  nnmbers  ot  flsb  teeth. 

the  ledges  show  no  definite  lamination,  and  split  as  readily  in 
one  direction  as  another,  the  weathered  surfaces  on  opposite 
sides  of  the  numerous  joints  often  show  obscure  signs  of 
oblique  bedding.  The  material  was  evidently  swept  into 
place  by  moderately  strong  currents. 

The  ledges  worked  in  connection  with  the  building  of  the 
new  capitol  are  the  heaviest  afforded  by  the  formation.  The 
lowest  one  is  four  feet  in  thickness.  It  is  made  up  of  rather 
finely  triturated  brachiopod  shells,  the  most  common  species 
being  Atrypa  retumkirin.  This  bed,  it  seems,  did  not  furnish 
satisfactory  material  for  it  was  quarried  only  to  a  limited 
extent.  The  ledge  furnishing  the  greater  number  of  available 
blocks  lies  directly  above  the  first.     It  is  five  feet  in  thick- 
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of  this  region  these  beds  were  qiiite  extensively  quarried  for 
building  stone,  but  their  tendency  to  discoloration    ariid   to 
split  into  thin  laminae  on  weathering  led  to  their  disuse.      At 
the  residence  of  Mr.  Sanders  the  beds  are  quite  slialj^,  and 
contain  a  thin  layer  of  coal  varying  from  half  an  inoli   to  an 
inch  or  two  in  thickness.    In  the  pasture  of  Samuel    Bess, 
south  of  the  Sanders  pasture,  there  are  beds  of  shale,   too 
thin  to  be  of  use,  but  of  excellent  quality  for  the  manufacture 
of  pottery  or  paving  brick. 

The  old  valley  in  which  the  Iowa  City  outlier  occurs  lias  a 
direction  east  of  south,  cutting  through  the  Hess  pasture  and 
the  pasture  next  on  the  south.     It  passes  under  the  higfli  hill 
in  the  northern  part  of  Iowa  City,  and  has  been  re-excavated 
in  part  by  the  present  valley  of  Ralston  creek. 

A  shaft  dug  on  the  land  of  Mr.  Hess  showed  the  f olld^ing" 
section. 

FE£T. 

6.  Loess 6 

6.  Shale  and  shaly  rock ^ 40 

4.  White  sandstone — .-    2i 

3.  Shale 3 

2.  Sandstone 5 

1.  Limestone  (Devonian) 10 

Number  1  is  Devonian,  numbers  2,  3,  4  and  5  belong  to  the 
Des  Moines  stage  of  the  Carboniferous. 

The  Amana  outlier. — The  second  body  of  Carboniferous 
deposits  in  Johnson  county  is  on  land  belonging  to  the  Amana 
society  and  may  be  called  the  Amana  outlier.  This  outlier 
begins  in  the  salient  bluflf  that  occupies  the  angle  between 
the  Iowa  river  bottom  and  the  valley  of  Knapp  creek,  in  sec- 
tion 27  of  Monroe  township.  From  this  point  it  continues 
westward  in  the  bluffs  facing  the  river  into  Iowa  county. 
The  deposit  is  here  a  heavy  bedded,  and  often  cross  bedded, 
sandstone,  composed  of  coarse  grains  of  silica  imperfectly 
cemented  with  iron  oxide  and  calcium  carbonate.  The  colors 
are  dingy  red  and  brown  with  some  darker  purplish  streaks. 
The  rock  ha^  been  quarried  at  various  points,  and  one  of  the 
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quarries  recently  worked  is  near  the  mouth  of  Knapp  creek. 
The  following  secton  is  there  exposed. 

FEET. 

6.  Loess  and  till - 6  to    8 

4.  Sandy  shale 1 

3.  White  sandstone ..- i 

2  Heavy-bedded  sandstone 10 

1.  Talus  down  to  creek - 16 

Small  patches  of  Carboniferous  deposits  are  found  at  inter- 
vals  along  the  Iowa  river,  and  there  are  some  in  other  parts 
of  the  county.  One  on  Rapid  creek  in  section  30,  Newport 
township  (Tp.  80  N.,  R.  V  W.)  is  mentioned  by  Owen,*  and 
McGeet  notes  the  common  occurrence  of  small  outliers  along 
the  Iowa  river,  between  Iowa  City  and  the  great  elbow  of  the 
stream  at  the  north  end  of  Penn  township.  Some  of  these 
are  seen  on  the  top  of  the  bluffs  in  the  neighborhood  of  the 
state  quarries. 

Fossils. — The  coal  measure  beds  of  Johnson  county  have 
yielded  few  recognizable  fossils.  Plant  remains  may  reason- 
ably be  expected  to  occur  in  the  shaly  portions  of  the  form- 
ation, but  in  these  no  recent  excavations  have  been  made. 
Certain  sandstone  beds  of  the  Iowa  City  outlier  near  Ter- 
rill's  mill  have  furnished  specimens  of  Lepidodendron  and 
Calamites. 

PLEISTOCENE  SYSTEM. 

The  surface  of  Johnson  county  is  very  generally  covered 
with  Pleistocene  deposits.  These  include  an  older  and  a 
younger  drift  sheet,  a  bed  of  loess  and,  along  the  stream  val- 
leys, beds  of  alluvium. 

KANSAN    DRIFT. 

All  the  known  drift  in  the  southern  half  of  the  county 
belongs  to  the  Kansan  age.  There  may  be  a  pre-Kansan  drift 
sheet  beneath  the  Kansan,  for  throughout  the  greater  part  of 
Iowa  the  Kansan  drift  records  not  the  first,  but  a  second  ice 
invasion  which  spread  glacial  detritus  over  an  older  sheet  of 

*  Owen's  Oeol.  Burv.  of  Wia.,  Iowa  and  Minn.,  p.  87.    ISSS. 

t  Eleventh  A.nn.Bep  U.  8.  Geol  Sury.,  p.  909.    Washington,  1801. 
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shales  belonging  to  the  Des  Moines  stage.     Deposits  of  tliis 
stage  were  once  general  over  the  whole  area,  but  erosive 
agents  have  swept  them  nearly  all  away,  and  it  is  only  in  a, 
few  favored  localities  that  they  have  been  protected  and  pre- 
served.    During  the  time  represented  by  the  Lower  Carbon- 
iferous (Mississippian)  series  the  northeastern  part  of  the 
county  was  dry  land  and  subject  to  subaerial  erosion.     With 
the  retreat  of  the  Kinderhook  sea  the  whole  coimty  became 
subject  to  the  same  influences.     As  the  land  rose  higher  and 
higher  above  sea  level,  deep  valleys  were  cut  in  Devonian  and 
Kinderhook  strata.     During  the  Des  Moines  stage  of  the  Car- 
boniferous, however,  the  county  was  part  of  a  great  area  of 
subsidence  over  which  the  sea  eventually  returned  and  spread 
sheets  of  coal  measure  shales  and  sandstones.     The  erosion 
valleys  were  filled,  and  the  highlands  may  even  have  been 
covered  with  Carboniferous  sediments.     Denudation  has  long 
since  stripped  oflf  these  sediments  except  where  they  were 
protected  in  the  pre-Carboniferous  valleys. 

The  Iowa  City  mitlier. — There  are  two  principal  areas  of 
coal  measure  deposits  in  Johnson  county.  The  first  begins  in 
the  northern  part  of  Iowa  City  and  extends  beyond  the  middle 
of  section  3  in  Lucas  township.  It  occupies  an  old  valley 
that,  as  ascertained  by  borings,  was  more  than  eighty  feet  in 
depth.  The  residence  of  Mr.  Euclid  Sanders  stands  almost 
directly  over  the  center  of  the  valley.  The  right  wall  of  the 
valley  is  seen  at  the  Sanders  quarry  below  the  old  mill  where 
coal  measure  deposits  overlap  eroded  edges  of  Devonian 
strata.  (Fig.  8.)  The  left  wall  is  seen  in  Sanders'  pasture, 
thirty  rods  east  of  the  barn.  The  coal  measure  beds  end 
abruptly  and  their  place  is  taken  by  the  white  limestone  of 
the  upper  part  of  the  Cedar  Valley  stage.  The  left  wall  was 
at  this  point  more  precipitous  than  the  right,  for  only  a  few 
rods  away  a  shaft  made  in  prospecting  for  coal  went  down 
from  forty  to  sixty  feet  without  striking  limestone. 

North  of  the  old  Terrill  mill  there  are  two  exposures  of 
shaly  sandstone  belonging  to  the  Iowa  City  Carboniferous 
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bridge  over  Turkey  creek  in  section  23,  Newport  township; 
and  another  body  of  the  same  stone  occurs  in  rather  puzzling 
relations  to  the  Megistocrinus  beds  in  section  23,  Big  Grove 
township,  southwest  of  Solon.  At  the  last  named  locality 
Rhynchonella  or  Pugnax,  is  the  prevailing  fossil.  The  very 
f  ossilif  erous  limestone  seen  near  the  base  of  the  quarry  south 
of  Shueyville  is  of  a  very  different  character  and  belongs  to 
a  different  horizon.* 

TojxoThomic  relations. — As  already  intimated,  the  taxonomic 
relations  of  the  State  Qiiarry  stone  are  not  very  clear.     At 
first  it  seemed  that  it  might  possibly  represent  local  deposits 
made  contemporaneously  with  the  Cedar  Valley  beds,  but 
later    investigations  indicate  that  it  is  younger  than  the 
Cedar  Valley  and  was  laid  down  on  a  deeply  eroded  surface. 
In  support  of  this  view  it  may  be  noted  that  at  the  mouth  of 
the  ravine  below  the  south  quarries  in  section  5  of  Penn 
township,  the  State  Quarry  stone  rests  on  the  Megistocrinus 
beds  of  the  Cedar  Valley  stage.     In  following  up  the  ravine 
the  quarry  stone  rises  higher  and  higher' in  the  bluffs  and 
soon  disappears,  while  the  members  of  the  normal  Cedar  Val- 
ley section  appear  successively  in  the  bottom  of  the  creek. 
The  contact  of  the  two  formations  cannot,  .however,  be  defi- 
nitely traced.    On  Rapid  creek  in  section  20  of  Graham  town- 
ship, the  relations  are  nearly  the  same ;  the  State  Quarry  stone 
occurs  only  a  short  distance  above  the  Megistocrinus  beds. 
At  Solon  the  equivalent  of  the  State  Quarry  stone  occurs  on 
the  west  side  of  a  small  ravine,  while  on  the  east  side  of  the 
ravine,  only  four  or  five  rods  distant,  tb^  typical  Megistocri- 
nus beds,  wholly  different  in  character  and  with  an  entirely 
different  fauna,  occur  at  the  same  level.     The  quarry  beds  at 
the  last  named  locality  are  composed  largely  of  shells  of 
Pugnax  (Rhynchonella).     They  extend  westward  along  the 
north  side  of  the  valley  of  a  small  creek  for  about  one-eighth 
of  a  mile  and  then  suddenly  disappear,  their  place  in  the  low 
bluff  being  taken  by  the  normal  Megistocrinus  beds  of  the 

*McOee:    Tenth  Census  Bept.  vol.  X,  Quarries  and  Building  Stone,  p.  282. 
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of  this  region  these  beds  were  quite  extensively  quarried  for 
building  stone,  but  their  tendency  to  discoloration  and  to 
split  into  thin  laminte  on  weathering  led  to  their  disuse.     At 
the  residence  of  Mr.  Sanders  the  beds  are  quite  shaly,  and 
contain  a  thin  layer  of  coal  varying  from  half  an  inch  to  an 
inch  or  two  in  thickness.     In  the  pasture  of  Samuel  Hess, 
south  of  the  Sanders  pasture,  there  are  beds  of  shale,  too 
thin  to  be  of  use,  but  of  excellent  quality  for  the  manufacture 
of  pottery  or  paving  brick. 

The  old  valley  in  which  the  Iowa  City  outlier  occurs  has  a 
direction  east  of  south,  cutting  through  the  Hess  pasture  and 
the  pasture  next  on  the  south.  It  passes  under  the  high  hill 
in  the  northern  part  of  Iowa  City,  and  has  been  re-excavated 
in  part  by  the  present  valley  of  Ralston  creek. 

A  shaft  dug  on  the  land  of  Mr,  Hess  showed  the  following 
section. 

FKET. 

6.  Loess « 6 

6.  Shale  and  shaly  rock ^ 40 

4.  White  sandstone —• 2i 

3.  Shale 3 

2.  Sandstone • 5 

1.  Limestone  (Devonian) 10 

Number  1  is  Devonian,  numbers  2,  3,  4  and  5  belong  to  the 
Des  Moines  stage  of  the  Carboniferous. 

The  Amana  aiitlier. — The  second  body  of  Carboniferous 
deposits  in  Johnson  county  is  on  land  belonging  to  the  Amana 
society  and  may  be  called  the  Amana  outlier.  This  outlier 
begins  in  the  salient  bluff  that  occupies  the  angle  between 
the  Iowa  river  bottom  and  the  valley  of  Knapp  creek,  in  sec- 
tion 27  of  Monroe  township.  From  this  point  it  continues 
westward  in  the  bluflfs  facing  the  river  into  Iowa  county. 
The  deposit  is  here  a  heavy  bedded,  and  often  cross  bedded, 
sandstone,  composed  of  coarse  grains  of  silica  imperfectly 
cemented  with  iron  oxide  and  calcium  carbonate.  The  colors 
are  dingy  red  and  brown  with  some  darker  purplish  streaks. 
The  rock  has  been  quarried  at  various  points,  and  one  of  the 
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quarries  recently  worked  is  near  the  mouth  of  Knapp  creek. 
The  following  secton  is  there  exposed. 

FEET. 

6.  Loess  and  till 6  to    8 

4.  Sandy  shale 1 

3.  White  sandstone i 

2  Heavy-bedded  sandstone - 10 

1.  Talus  down  to  creek - 16 

Small  patches  of  Carboniferous  deposits  are  found  at  inter- 
vals  along  the  Iowa  river,  and  there  are  some  in  other  parts 
of  the  county.  One  on  Rapid  creek  in  section  30,  Newport 
township  (Tp.  80  N.,  R.  V  W.)  is  mentioned  by  Owen,*  and 
McGeet  notes  the  common  occurrence  of  small  outliers  along 
the  Iowa  river,  between  Iowa  City  and  the  great  elbow  of  the 
stream  at  the  north  end  of  Penn  township.  Some  of  these 
are  seen  on  the  top  of  the  bluflfs  in  the  neighborhood  of  the 
state  quarries. 

Fossils. — The  coal  measure  beds  of  Johnson  county  have 
yielded  few  recognizable  fossils.  Plant  remains  may  reason- 
ably be  expected  to  occur  in  the  shaly  portions  of  the  form- 
ation, but  in  these  no  recent  excavations  have  been  made. 
Certain  sandstone  beds  of  the  Iowa  City  outlier  near  Ter- 
rilPs  mill  have  furnished  specimens  of  Lepidodendron  and 
Calamites. 

PLEISTOCENE  SYSTEM. 

The  surface  of  Johnson  county  is  very  generally  covered 
with  Pleistocene  deposits.  These  include  an  older  and  a 
younger  drift  sheet,  a  bed  of  loess  and,  along  the  stream  val- 
leys, beds  of  alluvium. 

KANSAN    DRIFT. 

All  the  known  drift  in  the  southern  half  of  the  county 
belongs  to  the  Kansan  age.  There  may  be  a  pre-Eansan  drift 
sheet  beneath  the  Kansan,  for  throughout  the  greater  part  of 
Iowa  the  Kansan  drift  records  not  the  first,  but  a  second  ice 
invasion  which  spread  glacial  detritus  over  an  older  sheet  of 

*  Owen*!  Oeol.  Bury,  of  Wia.,  Iowa  and  Minn.,  p.  87.    1888. 

t  Eleventh  A.nn.  Bep  U.  B.  Geol  Bury.,  p.  909.    Washington,  1801. 
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of  this  region  these  beds  were  quite  extensively  quarried  for 
building  stone,  but  their  tendency  to  discoloration  and  to 
split  into  thin  laminse  on  weathering  led  to  their  disuse.     At 
the  residence  of  Mr.  Sanders  the  beds  are  quite  shaly,  and 
contain  a  thin  layer  of  coal  varying  from  half  an  inch  to  an 
inch  or  two  in  thickness.     In  the  pasture  of  Samuel  Hess, 
south  of  the  Sanders  pasture,  there  are  beds  of  shale,  too 
thin  to  be  of  use,  but  of  excellent  quality  for  the  manufacture 
of  pottery  or  paving  brick. 

The  old  valley  in  which  the  Iowa  City  outlier  occurs  has  a 
direction  east  of  south,  cutting  through  the  Hess  pasture  and 
the  pasture  next  on  the  south.  It  passes  under  the  high  hill 
in  the  northern  part  of  Iowa  City,  and  has  been  re-excavated 
in  part  by  the  present  valley  of  Ralston  creek. 

A  shaft  dug  on  the  land  of  Mr.  Hess  showed  the  following' 
section. 

FEET. 

6.  Loess 6 

5.  Shale  aod  shaly  rock .t, 40 

4.  White  sandstone 2i 

3.  Shale 3 

2.  Sandstone - 5 

1.  Limestone  (Devonian) 10 

Number  1  is  Devonian,  numbers  2,  3,  4  and  5  belong  to  the 
Des  Moines  stage  of  the  Carboniferous. 

The  Amana  outlier. — The  second  body  of  Carboniferous 
deposits  in  Johnson  county  is  on  land  belonging  to  the  Amana 
society  and  may  be  called  the  Amana  outlier.  This  outlier 
begins  in  the  salient  bluflf  that  occupies  the  angle  between 
the  Iowa  river  bottom  and  the  valley  of  Knapp  creek,  in  sec- 
tion 27  of  Monroe  township.  From  this  point  it  continues 
westward  in  the  bluflfs  facing  the  river  into  Iowa  county. 
The  deposit  is  here  a  heavy  bedded,  and  often  cross  bedded, 
sandstone,  composed  of  coarse  grains  of  silica  imperfectly 
cemented  with  iron  oxide  and  calcium  carbonate.  The  colors 
are  dingy  red  and  brown  with  some  darker  purplish  streaks. 
The  rock  has  been  quarried  at  various  points,  and  one  of  the 
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quarries  recently  worked  is  near  the  mouth  of  Enapp  creek. 
The  following  secton  is  there  exposed. 

FEET. 

6.  Loess  and  till 6  to    8 

4.  Sandy  shale - 1 

3.  White  sandstone - i 

2  Heavy-bedded  sandstone .-> 10 

1.  Talus  down  to  creek 16 

Small  patches  of  Carboniferous  deposits  are  found  at  inter- 
vals  along  the  Iowa  river,  and  there  are  some  in  other  parts 
of  the  county.  One  on  Rapid  creek  in  section  30,  Newport 
township  (Tp.  80  N.,  R.  V  W.)  is  mentioned  by  Owen,*  and 
McGeet  notes  the  common  occurrence  of  small  outliers  along 
the  Iowa  river,  between  Iowa  City  and  the  great  elbow  of  the 
stream  at  the  north  end  of  Penn  township.  Some  of  these 
are  seen  on  the  top  of  the  bluffs  in  the  neighborhood  of  the 
state  quarries. 

Fossils. — The  coal  measure  beds  of  Johnson  county  have 
yielded  few  recognizable  fossils.  Plant  remains  may  reason- 
ably be  expected  to  occur  in  the  shaly  portions  of  the  form- 
ation, but  in  these  no  recent  excavations  have  been  made. 
Certain  sandstone  beds  of  the  Iowa  City  outlier  near  Ter- 
rill's  mill  have  furnished  specimens,  of  Lepidodendron  and 

Calamites. 

PLEISTOCENE   SYSTEM. 

The  surface  of  Johnson  county  is  very  generally  covered 
with  Pleistocene  deposits.  These  include  an  older  and  a 
younger  drift  sheet,  a  bed  of  loess  and,  along  the  stream  val- 
leys, beds  of  alluvium. 

KANSAN    DRIFT. 

All  the  known  drift  in  the  southern  half  of  the  county 
belongs  to  the  Eansan  age.  There  may  be  a  pre-Eansan  drift 
sheet  beneath  the  Eansan,  for  throughout  the  greater  part  of 
Iowa  the  Eansan  drift  records  not  the  first,  but  a  second  ice 
invasion  which  spread  glacial  detritus  over  aix  older  sheet  of 

*  Owen's  Oeol.  Bury,  of  Wis.,  Iowa  and  Minn.,  p.  87.    ISSSB. 

t  Eleventh  Ann.  Bep  U.  8.  Oeol  Surr.,  p.  900.    Washington,  1891. 
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of  this  region  these  beds  were  quite  extensively  quarried  for 
building  stone,  but  their  tendency  to  discoloration  and  to 
split  into  thin  laminae  on  weathering  led  to  their  disuse.     At 
the  residence  of  Mr.  Sanders  the  beds  are  quite  shaly,  and 
contain  a  thin  layer  of  coal  varying  from  half  an  inch  to  an 
inch  or  two  in  thickness.     In  the  pasture  of  Samuel  Hess, 
south  of  the  Sanders  pasture,  there  are  beds  of  shale,  too 
thin  to  be  of  use,  but  of  excellent  quality  for  the  manufacture 
of  pottery  or  paving  brick. 

The  old  valley  in  which  the  Iowa  City  outlier  occurs  has  a 
direction  east  of  south,  cutting  through  the  Hess  pasture  and 
the  pasture  next  on  the  south.  It  passes  under  the  high  hill 
in  the  northern  part  of  Iowa  City,  and  has  been  re-excavated 
in  part  by  the  present  valley  of  Ralston  creek. 

A  shaft  dug  on  the  land  of  Mr.  Hess  showed  the  following 
section. 

FEET. 

6.  Loess 6 

5.  Shale  and  shaly  rock ^ 40 

4.  White  sandstone — 2i 

3.  Shale 3 

2.  Sandstone - 5 

1.  Limestone  (Devonian) 10 

Number  1  is  Devonian,  numbers  2,  3,  4  and  5  belong  to  the 
Des  Moines  stage  of  the  Carboniferous. 

ITie  Amana  outlier. — The  second  body  of  Carboniferous 
deposits  in  Johnson  county  is  on  land  belonging  to  the  Amana 
society  and  may  be  called  the  Amana  outlier.  This  outlier 
begins  in  the  salient  bluflf  that  occupies  the  angle  between 
the  Iowa  river  bottom  and  the  valley  of  Knapp  creek,  in  sec- 
tion 27  of  Monroe  township.  From  this  point  it  continues 
westward  in  the  bluflfs  facing  the  river  into  Iowa  county. 
The  deposit  is  here  a  heavy  bedded,  and  often  cross  bedded, 
sandstone,  composed  of  coarse  grains  of  silica  imperfectly 
cemented  with  iron  oxide  and  calcium  carbonate.  The  colors 
are  dingy  red  and  brown  with  some  darker  purplish  streaks. 
The  rock  has  been  quarried  at  various  points,  and  one  of  the 
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quarries  recently  worked  is  near  the  mouth  of  Enapp  creek. 
The  following  secton  is  there  exposed. 

FEET. 

6.  Loess  and  till 6  to    8 

4.  Sandy  shale - 1 

3.  White  sandstone  .-..->  i 

2  Heavy-bedded  sandstone 10 

1.  Talus  down  to  creek 15 

Small  patches  of  Carboniferous  deposits  are  found  at  inter- 
vals  along  the  Iowa  river,  and  there  are  some  in  other  parts 
of  the  county.  One  on  Rapid  creek  in  section  30,  Newport 
township  (Tp.  80  N.,  R.  V  W.)  is  mentioned  by  Owen,*  and 
McGeet  notes  the  common  occurrence  of  small  outliers  along 
the  Iowa  river,  between  Iowa  City  and  the  great  elbow  of  the 
stream  at  the  north  end  of  Penn  township.  Some  of  these 
are  seen  on  the  top  of  the  bluffs  in  the  neighborhood  of  the 
state  quarries. 

Fo88il8. — The  coal  measure  beds  of  Johnson  county  have 
yielded  few  recognizable  fossils.  Plant  remains  may  reason- 
ably be  expected  to  occur  in  the  shaly  portions  of  the  form- 
ation, but  in  these  no  recent  excavations  have  been  made. 
Certain  sandstone  beds  of  the  Iowa  City  outlier  near  Ter- 
rilPs  mill  have  furnished  specimens  of  Lepidodendron  and 

Calamites. 

PLEISTOCENE  SYSTEM. 

The  surface  of  Johnson  county  is  very  generally  covered 
with  Pleistocene  deposits.  These  include  an  older  and  a 
younger  drift  sheet,  a  bed  of  loess  and,  along  the  stream  val- 
leys, beds  of  alluvium. 

KANSAN    DRIFT. 

All  the  known  drift  in  the  southern  half  of  the  county 
belongs  to  the  Kansan  age.  There  may  be  a  pre-Eansan  drift 
sheet  beneath  the  Kansan,  for  throughout  the  greater  part  of 
Iowa  the  Kansan  drift  records  not  the  first,  but  a  second  ice 
invasion  which  spread  glacial  detritus  over  an  older  sheet  of 

*  Owen's  Oeol.  Surv.  of  Wis.,  Iowa  and  Minn.,  p.  87.    ISSSB. 

t  Eleventh  Ann.  Bep  U.  B.  Geol  Surr.,  p.  900.    Wsahington,  1891. 
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till.    But  the  older  till,  so  far  as  known,  is  not  exposed  SLt  tlie 
surface  within  the  limits  of  Johnson  county.     Its  presenoe, 
however,  seems  to  be  indicated  by  an  unstratified  blue    clajr 
beneath  a    black,   friable   soil    with    woody   fragments,     in 
McGee's  well  record.   No.   172.*    The  well  referred  to    is 
located  in  section  1  of  Graham  township.    The  blue  till  abo  v^e 
the  soil  and  forest  bed  is  probably  Eansan.     Yellow    t>ill 
recorded  as  occurring  above  the  blue,  may  be  either  lowan  or 
upper  oxidized  Eansan,  and  the  sandy  beds  at  the  surfaoe 
belong  to  the  age  of  the  loess. 

The  Eansan  drift,  which  is  the  only  drift  known  in. all  the 
southern  part  of  the  county,  is  usually  overlain  by  loess,  but 
the  loess  and  the  drift  upon  which  it  lies  are  separated  by  a 
long  interglacial  interval.  At  numberless  points  the  loess  has 
been  removed  by  erosion,  and  the  Eansan  drift  is  exposed. 
The  surface  of  the  drift  was  very  much  modified  by  meteoric 
agencies,  and  by  the  growth  of  plants  before  the  loess  was 
laid  down.  In  the  first  place  it  was  very  deeply  eroded,  as  is 
indicated  by  the  fact  that  the  loess  forms  a  relatively  thin 
veneer  of  nearly  uniform  thickness  over  the  ridges  and 
ravines  of  a  rather  bold  erosional  topography,  which  had  been 
fully  developed  before  any  loess  was  deposited.  In  the  second 
place,  during  the  interglacial  interval,  the  superficial  mate- 
rials of  the  Eansan  drift  were  very  completely  oxidized.  The 
drift  of  this  stage  was  at  first  a  blue  clay,  and  is  so  still  at  depths 
below  the  influence  of  oxidizing  agents.  But  at  and  near  the 
surface  the  ferrous  oxide  of  the  blue  clay  was  changed  to  the 
red  and  brown  oxides,  with  the  effect  that  beneath  the  loess 
the  Eansan  till  is  dark  reddish  brown  in  color.  The  original 
drift  was  rich  in  lime  carbonate,  and  at  moderate  depths  it 
retains  all  of  this  constituent  that  it  ever  possessed,  but  as 
a  third  change  to  be  noted  as  occurring  before  deposition  of 
loess,  the  superficial  part  of  the  deposit  had  the  calcareous 
matter  completely  removed,  partly  by  growth  of  plants  and 
partly  by  the  leaching  effects  of  meteoric  waters.    Fourthly, 

^Eleventh  Ann.  Sept.,  IT.  8.  Geol.  Butt.,  p.  984. 
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within  the  zone  subject  to  the  effect  of  modifying  agents,  all 
bowlders  of  certain  kinds  of  granite  suffered  decay.  They 
crumble  under  slight  force  into  a  coarse  sand ;  many,  especi- 
ally near  the  surface,  are  now  represented  by  masses  of  inco- 
herent particles  distributed  through  finer  glacial  debris. 

Natural  sections  showing  the  reddish  brown  oxidized  zone 
of  the  Eansan  drift  overlain  by  loess,  charged  with  disin- 
tegrated granite  bowlders,  and  having  its  line  of  contact  with 
the  loess  conforming  to  the  inequalities  of  the  present  sur- 
face and  maintaining  essential  parallelism  with  it,  occur  at 
numerous  points  along  the  roadways  in  the  southern  part  of 
the  county.  One  of  these  exposures  is  found  in  the  west  side 
of  a  small  valley  near  the  northeast  comer  of  section  30  of 
Lucas  township.  Another  of  equal  significance  is  seen  south 
of  the  bridge  over  Old  Man  creek  near  Windham.  Along  the 
west  and  south  sides  of  section  10  in  Washington  township 
there  are  several  good  exposures  of  the  same  kind.  There 
are  in  fact  scores  of  similar  exposures  in  Washington,  Sharon 
and  other  southern  townships,  one  of  the  most  instructive 
being  seen  on  the  county  line  eighty  rods  east  of  the  south- 
west comer  of  section  33,  and  another  near  the  northeast 
corner  of  section  19,  both  in  Washington  township.  In  Scott 
township  there  are  excellent  sections  showing  the  same  phe- 
nomena. A  railway  cut  near  the  northeast  corner  of  section 
7,  and  a  number  of  cuts  in  the  wagon  road  which  follows  the 
south  line  of  sections  1  to  5  will  serve  as  examples.  All  the 
cases  are  consistent,  and  all  support  the  view  that  a  very  long 
interval  elapsed  between  the  deposition  of  the  Eansan  drift 
and  the  laying  down  of  the  loess  which,  to  a  large  extent, 
prevented  further  change. 

As  already  intimated  the  Kansan  drift  was  originally  a  blue 
clay.  The  bowlders  of  the  Kansan  are  small  when  compared 
with  those  of  the  lowan  till.  Specimens  exceeding  four  feet 
in  diameter  are  very  rare,  and  it  is  seldom  that  any  portion 
of  the  bowlders  project  above  the  surface  of  the  thick  sheet 
of  drift.     The  Eansan  bowlders  are  very  largely  dark  colored, 

8  G.  Rep. 
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fine  grained  varieties  of  trap,  though  there  are  many  small 
light  colored  granites,  and  occasionally  one  finds  numerous 
transported  fragments  of  limestones,  sandstones  or  other 
sedimentary  rocks.  Of  the  included  pebbles  and  bowlders, 
unusual  numbers  are  planed  and  striated  on  one  or  two  sides, 
a  fact  which  indicates  that,  notwithstanding  the  great  thick- 
ness of  the  Kansan  deposits,  a  large  part  of  the  material  was 
transported  during  all,  or  part  of  its  journey,  as  subglacial 
drift. 

Glacial  scoHngs. — There  are  a  few  points  in  the  county 
where  the  Kansan  drift  rests  on  planed  and  scored  ledges  of 
limestone.  In  general  it  is  the  hard,  brittle,  fine  grained 
white  limestone  in  the  upper  part  of  the  Cedar  Valley  stage 
that  has  preserved  the  glacial  markings.  Such  markings 
occur  at  the  summit  of  the  Hutchinson  quarry  and  at  points 
between  the  quarry  and  the  upper  bridge  west  of  Iowa  City. 
At  the  site  of  the  old  woolen  mill  on  Clear  creek  the  rocks  in 
the  bottom  of  the  stream  are  very  beautifully  planed  (Plate 
I),  and  at  the  lime  quarry  of  Mr.  Linder,  two  miles  northwest 
of  Iowa  City,  the  white  limestone  retains  the  glacial  striae. 
The  direction  of  the  strise  is  essentially  the  same  at  all  the 
points  observed,  the  main  movement  of  the  ice  being  south 
63^  east. 

lOWAN  DRIFT. 

The  younger  drift  sheet  exposed  in  Johnson  county  is 
known  as  the  lowan.  It  is  limited  to  the  northern  part  of 
the  county,  and  is  especially  interesting  for  the  reason  that, 
so  far  as  it  appears  in  this  county,  it  was  deposited  by  the 
extreme  southern,  lobulate  margin  of  the  lowan  ice.  Two 
lobes  of  this  ice  sheet,  pushing  out  beyond  the  average  limit, 
invaded  Johnson  county  and  deposited  typical  lowan  drift  in 
two  distinct  areas  which,  in  the  description  of  the  topography 
of  the  county,  haVe  been  called  respectively  the  Solon  lobe 
and  the  North  Liberty  lobe.  The  limits  of  these  beds  have 
already  been  described.  The  lowan  drift  differs  from  the 
Kansan  in  a  number  of  particulars.     It  is  not  covered  by 
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loess.  Its  surface  has  suffered  but  little  erosion  since  it 
was  deposited.  The  rolling  country  south  of  the  lowan 
margin,  carved  as  it  is  into  a  series  of  rounded  hills  and 
steep-sided  ravines,  is  in  marked  contrast  with  the  very 
gently  undulating  surface  of  the  lowan  drift,  where  the 
waterways  have  cut  but  a  few  feet  below  the  general  level, 
and  an  unbroken  plain  stretches  away  to  the  horizon. 
Between  Coralville  and  North  Liberty  the  distance  is  some 
six  miles,  but  in  passing  from  the  first  to  the  second  village 
the  road  winds  for  more  than  two-thirds  of  the  way  among 
loess  covered  hills  and  deep  gorge-like  valleys  that  illustrate 
the  topography  of  the  Kansan  area  where  it  is  covered  with 
a  thick  mantle  of  loess.  But  a  mile  and  a  half  south  of  North 
Liberty  the  loess  ends  abruptly,  the  steep  hills  and  deep 
valleys  are  left  behind  and  the  roadway  leads  out  upon  a  drift 
plain  that  as  yet  has  scarcely  been  attacked  by  the  agents 
of  erosion.  The  transition  is  so  sudden  as  to  create  surprise. 
It  is  like  passing  into  a  new  country. 

The  plain  upon  which  the  road  enters  south  of  North 
Liberty  is  occupied  by  prosperous  farms  with  black,  mellow 
easily  cultivated  soil.  Beneath  the  soil  there  is  a  yellow  till 
which  shows  scarcely  any  evidence  of  change  since  it  was 
laid  down.  Oxidation  is  not  more  marked  at  the  surface  than 
in  the  deeper  parts  of  the  deposit.  Calcareous  matter  is 
about  as  abundant  at  the  grass  roots  as  it  is  ten  feet  lower 
down.  ^  The  bowlders  are  sound  and  hard,  showing  no  signs 
of  decay.  Furthermore  the  bowlders  are  of  gray  granites 
with  very  few  if  any  of  fine  grained,  dark  colored  trap.  Not 
many  of  the  bowlders  are  planed  or  scratched,  and  there  are 
scarcely  any  fragments  of  transported  sedimentary  rocks. 

The  margins  of  the  lowan  drift  lobes  in  Johnson  county  are 
marked  by  hills  that  rise  from  forty  to  eighty  feet  above  the 
level  of  the  drift  plain.  These  moraine-like  hills  have  already 
been  described  in  discussing  the  topographic  features  of  the 
county . 
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THE  LOESS. 

This  is  a  deposit  of  fine  glacial  silt  evidently  derived  frcna 
the  lowan  drift.  In  Johnson  county  it  is  distributed  in 
regions  that  lie  beyond  the  margin  of  the  area  that  was  cov* 
ered  by  lowan  ice.  With  the  exception  of  the  paha  of  McGee 
it  is  very  unusual  to  find  loess  anywhisre  in  any  considerable 
amount,  very  far  within  the  territory  occupied  by  lowan  tilL 
The  hillte  that  mark  the  marginal  limits  of  the  lowan  ice  sheet 
are  every  wltere  deeply  covered  by  this  deposit,  and  all  the 
remaining  {portions  of  the  county  outside  the  lowan  drift 
loYpeu  were  overlain  to  a  greater  or  less  depth  by  the  same 

mat^riiil. 

ih/Mrai  d^'Mrript/Um.  -The  loess  of  Johnson  county  is  a  part 
iA  i\\e  exUitmive  deposits  of  this  material  distributed  over 
ojtrUiln  fireHM  in  eai^tem  Iowa.  In  some  particulars  it  is  quite 
diniim^  frifm  the  loens  of  the  Missouri  river  valley.  With 
renip4t4^  U$  lowu,^  therefore,  there  are  two  distinct  phases  of 
Upem,  one  rif  which  may  be  called  the  eastern  loess,  the  other 
i}$i^  wi^ntitrn,  Whi5re  typically  developed  this  eastern  loess  is  a 
yitl)/;w  4'Uiy  fiiixud  with  particles  of  silica  too  fine  to  be  denom- 
\hfiUui  mutil,  and  i^ontaining  a  considerable  amount  of  dissem- 
)ftiiUui  mU'\um  iuvhonnie.  In  Johnson  county,  however,  the 
di^|///tejt  lb  vi^ry  vttHable  in  composition.  In  the  hills  that 
w«tn'.  Ui^mttil  up  around  the  margin  of  the  lowan  ice,  the  loess 
otU^.n  nmitiihti  u  \tityji  percentage  of  sand.  This  sand  may 
ho.  ifray  in  <'ol//r  HfMl  umy  make  up  more  than  half  the  (Jeposit 
Hb  ib  \iiu'i\t'uUu'\y  truM  In  the.  neighborhood  of  Solon,  and  in 
parffc»  of  tlM^  low  niontnU^  hills  which  extend  southeastwardly 
from  Ho|//n  to  M*/'tion  JUJ,  of  Oedar  township.  More  frequently 
th<i  ki\ui\  \^  Wuiv,  hrl^ht  yollow  in  color,  and  mixed  with  a 
j<n*ul<*r  proportion  of  Iho  typical  loess  clay.  This  phase 
of  thi*.  HHJul  Im  w<«II  llluHtrated  at  numerous  points,  as,  for 
oxurnphs  in  MM'tlonn  H,  17,  21  and  22,  of  Big  Grove  township, 
and  in  Hoctlonw  111  and  ;W),  of  Penn.  Then  again  the  materials 
flrHt  trannporti'd  from  the  margin  of  the  lowan  ice  and  depos- 
ited over  the  extra  marginal  surfaces  were  coarser  than  those 
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transported  later,  for  at  the  base  of  the  deposit,  for  some 
distance  from  the  source  of  supply,  there  is  usually  a  sandy 
layer  imdemeath  finer  and  more  typical  loess.  This  sandy 
layer,  which  constitutes  the  sub-loessial  sand  of  Norton,  is 
not  found,  however,  more  than  a  few  miles  beyond  the  margin 
of  the  lowan  drift. 

Genesis. — That  the  loess  is  a  silt  derived  from  the  finer 
materials  of  the  lowinl  drift  is  supported  by  the  color  and 
composition  of  the  cK^pos^,  by  its  geographical  relations  to 
the  margin  of  this  drift  sheet,  andrby  its  superposition  some- 
times on  lowan  till  and  sometimes  on  eroded  and  oxidized 
surfaces  of  Eansan  till.  The  nature  of  the  agents  whereby  it 
was  transported  and  deposited  is  not  so  clear.  Some  beds  of 
the  deposit  may  possibly  indicate  transportation  from  dried 
and  dusty  surfaces  by  wind;  but  thtf  thick  body  of  loess  piled 
up  around  the  margin  of  the  lowan  drift,  with  accompanying 
sands  near  the  source  of  supply  and  finer  silt  carried  to  greater 
distances,  seems  to  be  best  explained  by  assiuning  slug- 
gish currents  from  the  melting  ice  sheet  as  the  agent  of  dis- 
tribution and  deposition.  To  summarize  the  facts  relating  to 
the  distribution  of  the  coarser  and  finer  materials  of  the  loess 
it  may  be  stated  that  at  a  distance  greater  than  six  or  seven 
miles  from  the  margin  of  the  lowan  drift  the  whole  sheet  of 
loess  is  composed  of  fine  silt;  the  greater  the  distance  from 
the  margin,  the  less  yellow  and  more  ashen  in  color  the 
deposit  becomes;  the  sub-loessial  sands  overlain  by  true  loess 
are  limited  to  a  belt  around  the  drift  lobes  three  or  four  or 
five  miles  in  width;  and  in  the  moraine-like  hills  contiguous 
to  the  drift  margin  the  entire  thickness  of  the  loess  from 
base  to  surface  is  frequently  arenaceous. 

Fossils  and  other  contents. — Since  the  deposition  of  the  loess 
.  some  segregation  of  its  limy  constituent  has  taken  place,  and 
calcareous  concretions  known  as  loess-kindchen  are  more  or 
less  common  in  typical  portions  of  the  formation.  In  some 
fine  clayey  beds  vertical  "pipes,"  apparently  due  to  deposi- 
tion of  iron  oxide  in  successive  laminar  sheaths  around  long 
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whatever,  and  there  are  other  places  where  the  deepest  wells 
reported  have  failed  to  penetrate  the  entire  thickness  of  the 
superficial  deposits.  In  the  central  part  of  Cedar  township 
wells  are  bored  to  a  depth  of  200  to  225  feet  before  reaching 
the  indurated  rocks,  while  at  Solon,  on  one  side  and  McCune's 
quarry  in  sections  2  and  3  of  Cedar  township  on  the  other,  the 
rocks  come  to  the  surface.  There  is  here  evidence  of  a  pre- 
glacial,  rock- walled  valley  200  feet  an  depth.  The  plain 
through  which  the  Iowa  river  flows  from  the  west  line  of  the 
county  to  the  iron  bridge,  has  deposits  of  river  sand  and 
gravel  150  feet  in  depth.  The  loess  and  drift  in  the  southeast 
corner  of  Scott  township  have  an  aggregate  depth  of  200  feet 
as  shown  by  well  borings,  and  a  well  at  Lone  Tree,  Fremont 
township,  was  bored  through  alluvium  and  drift  to  a  depth  of 
212  feet  without  reaching  the  bottom  of  the  Pleistocene.  At 
Oxford,  and  other  points  in  the  valley  of  Clear  creek,  the 
Pleistocene  beds  reach  a  depth  of  256  feet,  and  south  of  Fry- 
town,  in  Washington  township,  a  well  is  reported  282  feet 
deep  without  encountering  anything  but  loose,  superficial 
materials. 

THE  PREGLACIAL  SURFACE. 

Combining  the  evidence  from  well  records  and  known  rock 
exposures,  it  is  seen  that  the  preglacia]  surface  of  the  county 
was  very  irregular  and  was  diversified  with  deep  valleys  and 
rocky,  precipitous  hills,  as  a  result  of  a  period  of  erosion 
immediately  preceding  the  distribution  of  the  first  glacial 
drift.  The  drift  sheets,  which  aggregate  in  some  places  300 
feet  in  thickness,  leveled  up  the  irregular  surface  by  filling 
the  valleys  with  glacial  detritus.  Only  in  a  comparatively 
few  cases  do  even  the  preglacial  hilltops  project  above  the 
surface  of  the  thick  mantle  of  unindurated  loess  and  drift. 
The  obliteration  of  the  preglacial  hills  and  valleys  by  the  dis- 
tribution of  loose  surface  materials,  has  contributed  much  to 
the  convenience  and  success  of  every  citizen  of  Iowa. 
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SOILS. 

The  soils  of  Johnson  county  may  be  arranged  in  four  <ii vi- 
sions between  which  will  be  found  in  some  instances  niiixier*- 
ous  intergradations. 

1.  The  soil  of  the  lowan  drift  lobes  is  probably  the  most 
distinct  of  any  of  the  divisions.    It  is  typically  a  rich,  mello^w^ 
black  loam  of  great  depth,  easily  tilled  and  very  productive. 
Evidences  of  thrift  and  prosperity  abound  throughout  the 
region  over  which  the  lowan  drift  is  deposited. 

2.  Kansan  drift  overlain  by  a  thin  veneer  of  loess  consti- 
tutes the  second  type  of  Johnson  county  soils.     This  type  is 
best  developed    south  of    Old  Man  creek  in    Washington, 
Sharon  and  Liberty  townships;  but  excellent  examples  of  it 
are  found  throughout  Scott  township  and  in  the  northern 
part    of    Lincoln.     This    soil    is    exceptionally    fertile    and 
responds  most  generously  to  the  labors  of  the  farmer.    It  has 
at  least  one  advantage  over  the  soils  of  the  lowan  drift  lobes 
in  that  it  is  free  from  the  great  numbers  of  granite  bowlders 
which  sometimes  encumber  farms  located  on  lowan  drift. 
The  elegant  homes,  large,  overflowing  barns,  well  kept  stock, 
and  all  possible  labor  saving  devices,  that  are  seen  on  every 
hand  where  this  soil  exists,  attests  its  great  productiveness 
when  the  labor  of  the  farm  is  directed  by  quickened  intelli- 
gence. 

3.  Alluvial  soils  occupy  a  considerable  area  within  this 
county.  The  distribution  of  alluvium  has  already  been 
noted.  Some  parts  of  the  alluvial  plains  in  the  northern 
part  of  the  county  are  rather  sandy,  but  in  general  the 
soils  of  these  plains  rank  with  the  best.  As  a  rule  they 
are  warm,  mellow,  rich  in  plant  food,  and  thoroughly  under- 
drained  by  reason  of  the  beds  of  gravel  which  usually  occur 
at  no  great  depth  from  the  surface.  The,  largest  areas  of 
alluvial  soils  occur  in  Oxford,  Madison,  Pleasant  Valley  and 
Fremont  townships. 

4.  A  fourth  type  of  soil  occurs  in  the  heaped  up  ridges 
around  the  margin  of  the  lowan  drift  andQin  the  region  of 
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deep  loess  which  is  found  for  a  distance  of  three  or  four 
miles  soyth  of  the  margin.  Loess  is  of  course  the  prevailing 
material  constituting  the  soils  of  this  type,  but  near  the 
margins  of  the  drift  lobes  there  is  more  or  less  of  sand.  A 
sandy  ridge  extends  from  Solon  southeast  to  section  2,  of 
Graham  township.  Sand  mixed  with  loess  clay  occurs  in  all 
the  marginal  ridges  around  the  lowan  lobes,  but  the  greater 
part  of  the  area  has  soils  composed  of  typical  loess.  The 
region  is  very  much  broken  and  rolling.  No  vegetable  mould 
develops  over  the  loess  ridges.  The  yellow  loess  clay  is 
turned  over  by  the  plowshare,  and  to  one  accustomed  to  the 
rich  black  loam  of  the  drift  covered  areas  the  fields  present  a 
very  uninviting  and  barren  appearance.  Loess  is  rich  in  lime 
carbonate  and  some  other  substances  utilized  by  plants,  so 
that  where  the  surface  is  comparatively  level  good  crops  are 
produced  though  at  relatively  great  expenditure  of  time  and 
labor.  On  the  steeper  slopes,  however,  that  some  persist  in 
cultivating,  the  soil  washes  badly,  the  surface  is  gashed  and 
furrowed  by  every  rain,  great  irregular  ditches  excavated  by 
erosion  are  not  infrequent,  the  crops  are  poor  and  thin,  and 
the  labor  involved  in  cultivating  the  soil  is  excessive  as  com- 
pared with  the  reward.  Small,  uncared-for,  unpainted  houses, 
ungrassed  dooryards,  straw  covered  sheds,  and  the  few  imple- 
ments of  husbandry  that  have  been  laboriously  gathered 
together  wasting  in  sun  and  rain  for  lack  of  shelter,  are 
characteristic  of  the  hilly  regions  covered  by  deep  loess. 

Deformations. 

No  marked  deformation  of  strata  indicative  of  folds  affect- 
ing any  considerable  thickness  of  the  crust  have  been  observed 
in  Johnson  county.  There  are,  however,  numerous  small  local 
folds  in  both  the  Wapsipinicon  and  Cedar  Valley  stages  of  the 
Devonian.  Some  of  the  best  examples  of  such  local  plications 
occur  along  Rapid  creek  in  sections  20  and  21  of  Graham 
township.  Others  are  found  near  Solon,  and  quite  a  number 
occur  between  the  Robert's  Ferry  bridge  and  Iowa  City. 


"••"   •••••  • 

*  m   *  •  •    •      •      • 

»        •  •      •  •  • 


94  GEOLOGY  OP  JOHNSON  CX)UNTY. 

Some  of  the  folds  are  probably  due  to  inequalities  of  deposi- 
tion. Strata  increase  rapidly  in  thickness  when  traced  in 
certain  directions,  and  again  they  feather  out  completeljr. 
Lens-shaped  masses  of  no  great  horizontal  extent  are  some* 
times  intercalated  between  certain  beds  that  elsewhere  are 
in  contact,  a  fact  well  illustrated  at  an  abandoned  quarry 
south  of  that  now  worked  by  G.  R.  Irish  on  the  property  of 
Euclid  Sanders.  The  strata  laid  down  on  the  uneven  surface 
exhibit  a  number  of  flexures  that  simulate  true  folds. 

Unconformities. 

There  are  two  striking  cases  of  unconformity  among  the 
indurated  rocks  of  Johnson  county.  The  first  occurs  between 
the  Cedar  Valley  and  State  Quarry  stages  of  the  Devonian. 
Between  these  two  stages  there  is  a  record  of  an  erosion 
interval  heretofore  unsuspected  in  the  Devonian  of  Iowa, 
The  Cedar  Valley  beds  belong  to  the  Middle  Devonian.  The 
State  Quarry  limestone,  with  its  types  of  Chemung  and  Cats- 
kill  faunas,  must  be  correlated  with  the  Upper  Devonian. 
The  second  case  of  unconformity  exists  between  Devonian 
limestones  and  Carboniferous  shales  and  sandstones  of  the 
Des  Moines  stage.  The  erosion  interval  preceding  the  depo- 
sition of  the  Des  Moines  sediments  was  much  longer  than 
that  between  the  Cedar  Valley  and  State  Quarry  stages  of 
the  Devonian.  During  this  last  interval  the  land  stood  prob- 
ably higher  than  at  present,  for  the  gorge  in  which  the  Des 
Moines  shales  and  sandstones  at  the  home  of  Euclid  Sanders 
were  laid  down  descends  sixty  feet  below  the  channel  of  the 
present  river. 

The  indurated  rocks  are  overlain  unconformably  by  the 
earliest  drift;  the  lowan  drift  is  unconformable  on  the  Kansan, 
and  the  loess  is  conspicuously  unconformable  with  the  Kansan 
drift  upon  which  it  lies  throughout  all  the  region  south  of  the 
limit  reached  by  the  lowan  ice. 
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ECONOMIC  PRODUCTS. 
Building  Stones. 

Anamosa  stage. — The  exposure  of  Anamosa  limestone, 
Niagara  series,  in  sections  2  and  3  of  Cedar  township  has 
been  quarried  since  the  early  settlement  of  the  county.  In 
the  upper  part  of  the  exposure  the  rock  is  very  finely  lami- 
nated, without  definite  bedding  planes,  through  a  thickness 
of  thirty  feet.  The  stone  is,  however,  easily  split  along  the 
planes  of  lamination,  and  so  it  is  possible  to  take  out  smooth- 
surfaced  blocks  of  almost  any  desired  dimensions.  There  is 
more  or  less  chert  along  some  of  the  planes  in  the  upper  part 
of  the  quarry.  Below  the  laminated  portion,  down  to  the 
level  of  the  river,  there  are  ten  feet  of  definitely  bedded,  non- 
laminated  ledges,  from  four  to  eleven,  inches  in  thickness, 
capable  of  affording  good  material  for  many  kinds  of  masonry. 
The  productiveness  of  this  quarry  is  checked  by  lack  of  facili- 
ties for  transportation. 

The  Wapsipinicon  stage. — Brecciated  beds  of  the  Wapsipini- 
con  stage  of  the  Devonian  are  quarried  at  Solon  and  at  the 
Beecher  quarry  near  Elmira.  The  stone  from  these  quarries 
is  used  to  supply  a  rather  limited  local  demand. 

The  Cedar  Valley  sta^e. — There  are  numerous  small  quarries 
in  beds  belonging  to  the  Cedar  Valley  stage,  but  none  are 
worked  on  an  extensive  scale,  and  none  at  present  are 
engaged  in  shipping  stone  beyond  the  limits  of  the  county. 
Still  it  must  be  said  that  the  aggregate  amount  and  value  of 
the  stone  annually  taken  from  these  quarries  is  very  great. 
The  blocks  from  certain  beds  are  easily  shaped  with  the 
hammer  and  are  well  adapted  to  rough  surfaced  ashlar 
and  rubble  work.  For  cellar  walls,  foundations,  and  all 
ordinary  masonry  a  large  area  of  country  is  dependent  on  the 
product  of  quarries  in  this  stage  of  the  Devonian. 

The  Megistocrinus  beds.  No.  2  of  the  general  section  (p.  71) 
are  quarried  along  Rapid  creek  in  sections  20  and  21  of 
Graham  township.    The  same  beds  have  been  worked  even 


>   •! 


• 


•  •     •  •  •  •  • 


96  GEOIXXJY  OP  JOHNSON  COUNTY. 

more  extensively  a  mile  and  a  half  southwest  of  Solon*  Xn  the 
lower  part  of  the  Eicher  quarry  the  Megistocrinus  beds  ^were 
worked.  Hard  ledges  of  this  zone  from  which  largfe  blocks 
of  excellent  quality,  with  parallel  surfaces,  might  bo  quar- 
ried, occur  near  the  upper  end  of  the  bluff  above  the  mouth  of 
Turkey  creek,  in  section  15  of  Newport  township. 

^he  Hutchinson  quarry  on  the  west  side  of  'the  river  at 
Iowa  City  works  the  beds  of  the  general  section  numbered 
4  to  11  inclusive.     During  the  working  season  this   quarry 
employs  from  six  to  eight  men.    The  product  is  used  chiefly 
in  Iowa  City,  but  a  considerable  amount  of  it  is  taken  to  the 
country  to  be  used  in  foundations  for  bams  and  other  stmic- 
tures..   The  best  building  stone  comes  from  the  lower  part  of 
the  quarry.     The  Sanders  quarry  south  of  the  old  mill  near 
Iowa  City  furnishes  annually  a  large  amount  of  rock  which 
finds  its  market  in  the  towns  and  farming  communities  of  the 
county.    The  ledges  furnishing  the  most  serviceable  stone 
lie  above  number  6  of  the  general  section.    The  material 
.  from  the  uppermost  beds  comes   out  in  rather   shapeless 
blocks,  but  a  large  amount  of  it  is  used  for  rip-rap  in  the 
immediate  vicinity  of  the  quarry. 

The  Crowley  quarry  in  the  channel  of  the  river  south  of  the 
old  bridge  at  Iowa  City,  works  only  a  few  beds,  including 
some  below  and  some  above  the  coral  reef,  number  6.  The 
aggregate  thickness  of  the  beds  does  not  exceed  ten  or  twelve 
feet.  The  quality  of  the  stone  is  the  same  as  from  cor- 
responding beds  in  other  quarries. 

The  quarry  near  the  Iron  bridge,  two  and  one-half  miles 
south  of  Shueyville,  has  been  worked  by  different  persons 
for  a  number  of  years.  The  stone  is  in  general  of  the  same 
quality  as  that  furnished  by  the  quarries  near  Iowa  City, 
rather  superior  if  there  be  any  difference,  but  suited  only  for 
such  structures  as  may  be  built  of  stone  shaped  roughly  and 
quickly  with  the  hammer.  In  this  quarry  the  beds  numbered 
8,  9,  and  10  in  the  general  section  are  blended  into  one,  and 
this  single  bed  is  exceedingly  rich  in  true  corals  such  as 
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Acervularia,  Cyathophyllum,  Diphphyllum  and  Favosites. 
Idiostroma  and  other  stromatoporoids  are  abundant,  but 
they  are  not  so  prominent  as  in  the  corresponding  beds 
farther  south. 

The  railway  quarry  north  of  Coral  ville  furnishes  stone  of 
the  same  quality  as  that  from  the  other  quarries  of  the  Cedar 
Valley  stage,  the  best  product  coming  from  the  firm  blue  ledges 
above  the  coral  reef,  number  6  of  the  general  section.  The 
McCollister  quarry  in  section  22,  Lucas  township,  is  worked 
in  rather  light-colored  beds  between  the  coral  reef  and  the 
stromatoporoid  horizon  number  8.  Numerous  other  quarries 
have  been  operated  temporarily  at  this  horizon,  the  work 
being  done  in  each  case  to  supply  the  immediate  needs  of 
some  small  neighborhood,  or  probably  of  only  a  single  farm. 
The  aggregate  annual  value  of  the  building  stone,  taken  from 
this  stage  is  large,  but  the  work  is  distributed  among  many 
quarries.  In  none  is  the  equipment  very  expensive.  The 
ledges  are  loosened  up  by  blasting,  and  afterwards  bi'oken  by 
sledges  into  pieces  convenient  to  be  handled  without  hoisting 
machinery. 

The  State  Qtmri^y  stage. — The  beds  of  the  State  Quarry  stage 
are  capable  of  furnishing  a  building  stone  that  in  point  of 
durability  and  ease  of  cutting  is  unexcelled.  The  rock  resists 
the  action  of  the  weather  admirably.  The  ledges  vvary  from 
a  few  inches  to  five  feet  in  thickness,  and  thus  furnish  a  wide 
range  of  choice,  so  far  as  dimensions  are  concerned.  The  state 
quarries  are  located  in  section  5  of  Penn  township,  in  the 
west  bluff  of  the  Iowa  river.  They  were  first  worked  in  con- 
nection with  the  building  of  the  old  capitol  at  Iowa  City, 
They  were  worked  even  more  extensively  to  furnish  blocks 
for  the  foundation  of  the  new  capitol  at  Des  Moines.  Among 
the  products  of  these  quarries  are  bases  for  heavy  monuments , 
blocks  for  bridge  piers,  curbstone,  crossing-stone,  and  stone 
for  ordinary  building  purposes.  The  finer  grained  ledges, 
composed  of  thoroughly  triturated  shells  of  brachiopods  and 
skeletal  parts  of  crinoids,  afford  good  material  for  cut  stone 
of  the  best  grades. 
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more  extensively  a  mile  and  a  half  southwest  of  Solon.  In  the 
lower  part  of  the  Eieher  quarry  the  Megistocrinus  beds  were 
worked.  Hard  ledges  of  this  zone  from  which  large  blocks 
of  excellent  quality,  with  parallel  surfaces,  might  be  quar- 
ried, occur  near  the  upper  end  of  the  bluff  above  the  mouth  of 
Turkey  creek,  in  section  15  of  Newport  township. 

The  Hutchinson  quarry  on  the  west  side  of  'the  river  at 
Iowa  City  works  the  beds  of  the  general  section  numbered 
4  to  11  inclusive.  During  the  working  season  this  quarry 
employs  from  six  to  eight  men.  The  product  is  used  chiefly 
in  Iowa  City,  but  a  considerable  amount  of  it  is  taken  to  the 
country  to  be  used  in  foundations  for  barns  and  other  struc- 
tures. ,  The  best  building  stone  comes  from  the  lower  part  of 
the  quarry.  The  Sanders  quarry  south  of  the  old  mill  near 
Iowa  City  furnishes  annually  a  large  amount  of  rock  which 
finds  its  market  in  the  towns  and  farming  communities  of  the 
county.  The  ledges  furnishing  the  most  serviceable  stone 
lie  above  number  6  of  the  general  section.  The  material 
from  the  uppermost  beds  comes  out  in  rather  shapeless 
blocks,  but  a  large  amount  of  it  is  used  for  rip-rap  in  the 
immediate  vicinity  of  the  quarry. 

The  Crowley  quarry  in  the  channel  of  the  river  south  of  the 
old  bridge  at  Iowa  City,  works  only  a  few  beds,  including 
some  below  and  some  above  the  coral  reef,  number  6.  The 
aggregate  thickness  of  the  beds  does  not  exceed  ten  or  twelve 
feet.  The  quality  of  the  stone  is  the  same  as  from  cor- 
responding beds  in  other  quarries. 

The  quarry  near  the  Iron  bridge,  two  and  one-half  miles 
south  of  Shueyville,  has  been  worked  by  different  persons 
for  a  number  of  years.  The  stone  is  in  general  of  the  same 
quality  as  that  furnished  by  the  quarries  near  Iowa  City, 
rather  superior  if  there  be  any  difference,  but  suited  only  for 
such  structures  as  may  be  built  of  stone  shaped  roughly  and 
quickly  with  the  hammer.  In  this  quarry  the  beds  numbered 
8,  9,  and  10  in  the  general  section  are  blended  into  one,  and 
this  single  bed  is  exceedingly  rich  in  true  corals  such  as 
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The  products  of  the  quarries  near  Iowa  City  have  been 
used  extensively  in  macadamizing  the  public  streets,  and 
recently  a  large  amount  of  crushed  stone  has  been  employed 
in  making  concrete  foundations  for  brick  paving.  In  the 
absence  of  available  gravels  it  can  only  be  a  question  of  time 
until  the  use  of  macadam  is  extended  to  the  clayey  thorough- 
fares outside  the  cities.  Throughout  most  of  the  northeast- 
ern half  of  the  county  stone  for  macadamizing  the  country 
roads  will  be  found  in  convenient  locations  and  inexhaustible 
abundance. 

Ornamental  Stone. 

The  corals  embedded  in  the  different  zones  of  the  Cedar 
Valley  limestone  are,  in  most  cases,  preserved  in  such  a  way 
as  to  render  them  available  in  the  manufacture  of  paper- 
weights and  other  small  objects  for  which  stone  taking  a  high 
polish  may  be  used.  The  articles  so  made  are  very  attractive, 
and  the  annual  value  of  the  product  is  not  inconsiderable. 
The  original  structure  of  the  corals  is  perfectly  preserved, 
and  infiltrated  calcite  fills  the  pores,  rendering  the  whole 
compact  and  in  condition  to  receive  a  very  beautiful  polish. 
These  polished  corals  have  long  been  known  as  Iowa  City 
marble.  The  species  available  for  the  manufacture  of  orna- 
mental articles  are  Acerimlaria  davidson%  Phillipsastrea  bil- 
lingsiy  Favosites,  different  species,  and  the  various  massive  and 
caespitose  stromatoporoids.  The  first  is  the  common  ''birds 
eye"  of  the  marble  shops.  The  second,  in  common  parlance, 
is  ''  cats  eye. "  All  the  species  of  Favosites  are  grouped  under 
the  common  name  of  "fish  egg^^^  and  the  massive  stromato- 
poroids furnish  the  ''wavy  marble."  Specimens  for  cutting 
and  polishing  are  not  found  in  pieces  of  any  considerable  size. 

Flagging  Stone. 

Flag  stone  of  excellent  quality  is  furnished  by  the  thinner 
bedded  portions  of  the  State  Quarry  formation.  Large 
amounts  have  already  been  used  for  sidewalks  in  various 
parts  of  the  county,  and  there  is  an  abundant  supply  for  all 
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future  needs.  Flag  stones  of  almost  any  desired  dimensions 
may  be  obtained.  Even  when  laid  in  the  most  tryin^r  situa- 
tions these  flags  are  unaffected  by  the  weather,  and  under 
the  ordinary  tread  of  foot  passengers  they  last  indefixiitely. 

Limes. 

Stone  suitable  for  the  manufacture  of  lime  occurs  in    tlie 
county  at  two  horizons.     The  Le  Claire  limestone  exposed  on 
the  Cedar  river  in  section  2  of  Cedar  township  would  ma^ke  a 
lime  equal  to  the  best  made  anywhere  in  the  world.     There  is 
no  evidence  that  it  has  been  utilized  in  Johnson  county,  but 
beds  of  the  same  age  and  of  similar  quality  furnish  the  limes 
of  deservedly  high  reputation  from  Cedar  valley,  Sugar  creek 
and  Port  Byron.     The  white  limestone,  number  11  of  the  g&r^" 
eral  section  of  the  Cedar  Valley  stage,  has  been  burned  into 
lime  at  a  number  of  points  in  the  northeastern  part  of  tlie 
county.     One  of  the  most  important  kilns  producing  lime 
from  beds  of  this  zone  was  operated  by  Mr.  Linder  in  section 
34,  Tp.  80,  N".,  R.  VI,  W.     Kilns  using  stone  from  the  sancie 
horizon  have  been  worked  in  sections  8  and  21  of  Penn  town- 
ship, near  Iowa  City  in  Lucas  township,  and  near  the  north- 
east corner  of  section  22  in  Newport  township.     The  local 
limes,  however,  have  been  almost  entirely  superseded  by  more 
desirable  magnesian  limes  made  from  the  Le  Claire  stage  at 
Cedar  valley  and  Sugar  creek  in  Cedar  county. 

Sand. 

Building  sand  has  been  obtained  at  a  number  of  localities, 
the  most  important  beds,  economically  considered,  being 
found  in  the  present  flood  plain  of  the  Iowa  river  near  Iowa 
City.  There  are  some  fairly  good  beds  of  sand  in  abandoned 
flood  plains,  or  plains  that  are  now  submerged  only  during 
the  very  highest  floods,  as  is  illustrated  in  the  southwest 
quarter  of  section  22  of  Lucas  township.  There  are  also 
sands  in  the  lowan  area  southeast  of  Solon;  and  along  the 
Iowa  river  in  Oxford  and  Madison  townships  there  are  sand 
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beds  of  considerable  exent.     Very  little  sand  suitable  for 

building  purposes  is  found  in  the  southwestern  part  of  the 

county. 

Clays. 

The  clays  of  the  county  support  a  number  of  brick  and  tile 
factories.  Workable  clays  are  confined  chiefly  to  the  loess 
and  alluvium.  Clays  of  good  quality  are  found  in  the  Carbon- 
iferous outlier  near  Iowa  City,  but  the  beds  are  too  thin  to  be 
worked  with  profit. 

River  Junction. — A  brickyard  owned  by  J.  D.  Musser  is 
operated  at  River  Junction.  The  clay  used  is  a  thin  layer  of 
alluvium  and  vegetable  mould  overlying  Kansan  drift.  Hand 
moulded,  sand-rolled  brick  are  made,  dried  on  the  yard,  and 
burned  in  a  common  cased  kiln.  Two  kilns,  with  a  capacity 
of  500,000  each,  are  burned  annually.  No  machinery  is  used 
beyond  the  ordinary  horse-power  pug  mills. 

Oxford. — At  Oxford,  a  brickyard  is  owned  and  operated  by 
Mr.  John  W.  Oxer.  An  alluvial  clay  or  modified  loess  over- 
lying till  of  Kansan  age,  is  used.  The  bed  is  about  twelve 
feet  in  thickness  with  two  feet  of  black  loam  at  the  top, 
beneath  which  is  a  band  of  strong  bluish  clay,  followed  in 
descending  order  by  reddish,  highly  ferruginous  clay  which 
might  be  used  in  the  manufacture  of  red  pressed  brick.  A 
steam  plant  and  Plymouth  machine  with  force  feed  constitute 
the  principal  part  of  the  equipment.  The  brick  are  side  cut; 
they,  are  dried  in  sheds  and  burned  in  cased  kilns.  The 
machine  has  a  capacity  of  30?  000  brick  per  day.  In  actual 
practice  the  daily  output  when  running  is  from  10,000  to 
12,000.  To  prevent  checking  the  clay  has  to  be  mixed  with 
sand. 

Tiffin. — Brick  and  tile  are  manufactured  by  the  Tiffin  Tile 
Co.  An  alluvial  clay  from  the  flood  plain  of  Clear  creek 
furnishes  the  raw  material.  The  clay  bed  is  ten  to  twelve 
feet  thick,  and  is  underlain  by  sand.  It  is  only  recently  that 
the  company  has  undertaken  the  manufacture  of  brick.  The 
plant  embraces  a  steam  plant  of  forty-five  horse-power,  a 
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Brewer-Tiflfany  machine,  with  a  capacity  of  10,000  tliree-inch 
tile  daily,  steam  heated  drying  sheds,  two  circular  douvn  draft 
kilns  twenty-two  feet  in  diameter,  a  repress  machine,  a»iid  the 
necessary  trucks,  elevators,  tramways  and  chutes  for  lia.ndling' 
the  material  in  the  various  stages  of  manufacture.  Tlie  pro- 
duct embraces  six  sizes  of  drain  tile,  from  three  to  eig*!^* 
inches  inclusive,  together  with  side-cut  and  repressed    brick. 

Iowa  City. — ^At  Iowa  City  there  are  two  yards  that   mate 
brick,  and  one  that  makes  brick  and  tile.     In  all  cases  the 
clay  used  comes  from  the  loess.     The  yard  of  Mr.  Goss  is 
located  in  the  northeastern  part  of  the  city.     The  loess   liere 
has  a  thickness  of  more  than  thirty  feet,  and  the  part  recently 
worked  shows  a  vertical  breast  of  eighteen  feet.     The  lonv-er     ^ 
part  of  the  exposure  is  a  fine  bluish  clay,  streaked  vertically 
and  horizontally  with  red.     The  vertical  streaks  are  due  to 
the  ''pipes"  of  iron  oxide  already  noted.     The  lower  bluish 
phase  of  the  loess  is  very  f ossilif erous.     The  upper  part  of 
the  vertical  face  is  yellow  in  color,  but  there  are  a  number  of 
undulating,  horizontal  ferruginous  bands  that  may  represent 
successive  surfaces  covered  at  intervals  by  wind-driven  dust 
or  water-laid  silt.     The  brick  are  hand  made,  dried  on  the  yard 
— each  tier,  when  drying,  having  separate  roof  and  side  cur- 
tains for  protection  from  rain — and  burned  in  large  clamp 
kilns. 

Mr.  C.  Gaulocher  operates  a  yard  just  east  of  that  belong- 
ing to  Mr.  Goss.  The  clay  used  is  essentially  the  same,  and 
the  process  of  manufacture  is  not  materially  different.  No 
machinery  is  used  beyond  the  ordinary  pug  mill.  The  brick 
are  sand  rolled,  hand  made,  and  the  temporary  cased  kiln  is 
used  for  burning.  The  annual  product  of  the  Gaulocher  and 
Goss  yards,  together,  approximates  2,000,000  brick.  The 
brick  have  a  good  color  and  are  of  excellent  quality  for  ordi- 
nary structural  purposes. 

The  third  yard  is  located  in  the  southeastern  part  of  the 
city  and  known  as  the  Nicholas  Oakes  Brick  and  Tile  works. 
The  product  of  this  yard  includes  ordinary  structural  brick, 
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sidewalk  brick,  repressed  brick,  and  drain  tiling  ranging  from 
three  to  eight  inches  in  diameter.  Various  grades  of  loess 
clay  are  used,  and  are  mixed  for  the  several  products  in  the 
proportions  demonstrated  by  experience  to  be  best.  The  bed 
of  clay  now.  used  is  eighteen  feet  in  thickness.  A  thirty- 
horse  power  steam  plant,  and  a  Nolan  &  Madden  auger 
machine  adapted  to  make  both  brick  and  tile,  constitute  the 
most  important  part  of  the  equipment.  The  machine  has  a 
capacity  of  12,000  three-inch  tile,  or  40,000  brick  per  day. 
End  cut  brick  are  produced.  A  Perfection  repress  machine, 
with  a  capacity  of  5,000  a  day,  is  operated  part  of  the  time. 
The  ware  is  dried  in  permanent  sheds.  Two  down  draft  kilns, 
each  twenty-two  feet  in  diameter,  are  used  for  burning  tile. 
The  brick  are  burned  in  a  common  clamp  kiln,  the  kiln  having 
a  capacity  of  400,000.  Three  million  brick  have  been  made 
by  this  firm  in  a  single  year.  During*  the  season  of  1896  fif- 
teen kilns  of  tile  were  burned. 

Minerals. 

There  are  a  few  minerals  that  occur  in  the  county,  but  in 
quantities  too  small  to  be  of  economic  importance.  There 
are  some  thin  seams  of  potter's  clay  in  the  Iowa  City  Carbon- 
iferous outlier,  and  near  the  home  of  Mr.  Euclid  Sanders  the 
same  formation  contains  a  thin  vein  of  coal.  Coal  has  also 
been  found  either  in  the  drift  or  immediately  beneath  it  at  a 
number  of  points  in  Washington  township,  and  indications  of 
coal  are  not  uncommon  in  other  localities. 

Crystals  of  zinc  sulphide  (sphalerite)  are  frequently  met  with 
in  small  cavities  or  pockets  in  the  Cedar  Valley  limestones, 
and  good  examples  of  ferrous  sulphide  (pyrite)  is  common  at 
the  same  horizon.  These  minerals  occur  here  generally  in 
beds  containing  embedded  corals  such  as  Acervularia  and 
massive  Favosites.  In  certain  localities  these  corals  have 
been  transformed  into  hollow  geode-like  masses  as  a  result  of 
solution,  and  it  is  in  the  cavities  so  formed  that  the  sphalerite 
and  pyrite  are  usually  found.  More  frequently,  however,  the 
cavities  are  lined  with  beautiful  crystals  of  calcite. 
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Water  Supply. 

The  Iowa  and  Cedar  rivers  are  the  only  streams  of  the 
county  that  can  be  certainly  counted  as  permanent  during' 
periods  of  drought.  Portions  of  the  county  distant  from  these 
streams  must  depend  on  wells  for  a  permanent  water  supply. 
Fortunately  water  is  abundant  in  the  superficial  deposits  at 
depths  ranging  from  fifty  to  300  feet.  At  very  few  points  is 
any  rock  drilling  necessary  to  get  bounteous  supplies  of  pure, 
wholesome  water. 

Water  Powers. 

The  principal  water  powers  in  the  county  are  two,  onh  at 
Coralville  and  one  at  the  Terrill  mill  north  of  Iowa  City, 
both  on  the  Iowa  river.  At  the  first  the  head  is  twelve  feet, 
at  the  second  it  is  seven  or  eight  feet.  At  each  there  is  water 
enough  going  to  waste  to  supply  additional  industries  with 
power. 
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FOREST  TREES  OF  JOHNSON   COUNTY. 


BY  T.    H.    MACBRIDE. 


The  following  is  a  list  of  the  native  larger  shrubs  and  trees 
growing  in  Johnson  county. 

Asimina  trUoha  DunaL  Common  Papaw.  Found  sparingly 
in  the  southern  part  of  the  county. 

Tilia  americana  L.     Basswood.    Common. 

Xanthoxylum  ameHcanum  Mill.  Northern  Prickly  ash. 
Sometimes  reaching  a  height  of  fifteen  feet. 

Ptelea  trifoliata  L.  Hop-tree.  Not  common.  In  southern 
part  of  county. 

Euonymus  atropui^ureaa  Jacq.     Burning  bush.     Conunon. 

Rhamniis  lanceolata  Pursh.     Buckthorn.     Not  rare. 

jEscuIus  glabra  Willd.  Fetid  Buckeye.  Found  only  in  the 
southwestern  part  of  the  county. 

Acer  aaccharinum  Wang.  Hard  maple,  Sugar  maple.  Not 
rare.     Occurring  chiefly  on  rocky  hillsides. 

Acer  dasycarpum  Ehrh.  Soft  maple.  Common  along  streams. 

Acer  rubrum  L.     Red  maple.     Rare. 

Negundo  aceroides  Moench.     Box  elder.     Common. 

Staphylea  tHfolia  L.  American  Bladder-nut.  Rather  fre- 
quent. 

Rhus  glabra  L.  Smooth  sumach.  Common.  Often  becom- 
ing a  small  tree. 

Robinia  psevda^a^cia  L.  Common  locust,  Black  locust.  Not 
rare.     Frequently  cultivated  for  ornament. 

Oymnocladua  canadensis  Lam.   Kentucky  Coflfee-tree.  Rare. 

Gleditschia  triacanthos  L.  Honey  Locust.  Rather  common. 
Often  almost  destitute  of  thorns. 

Prunus  americana  Marsh.     Wild  plum.     Very  common. 

Prunus  viginiana  L.  Choke  cherry.  Common  along  rocky 
hillsides. 

Prunus  seroPina  Ehrh.  Wild  cherry.  Frequent.  Scattered 
throughout  the  forest-area  of  the  county. 
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Pyrm  coronariu  L.  American  crab  apple.  Everywhere 
common. 

CratiPgws  coeeinea  L.     Common  hawthorn.     Common. 

Cratwgus  coccinea  L.  var.  nwllis  Torr.  and  Gray.  Red  haw- 
thorn. Common.  The  comparatively  large  fruit  of  this  form 
is  edible. 

Oi^atipgus  tomentosa  L.     Scarlet  thorn.     Common. 

CvatcBgus  cnis-galli  L.     Cockspur  thorn.     Not  rare. 

Amelanchier  canadensis  Torr.  and  Gray.  Shad-bush,  Serv- 
ice-berry, June-berry.     Common  along  rocky  slopes. 

Conius  asperifolia  Mx.    Dogwood.   Not  rare  in  sandy  places. 

Conius  stolonifera  Mx.  Red-osier  dogwood.  Common  along- 
streams.  • 

Cornm  pajiieulata  L'Her.  Panicled  cornel.  Very  common 
on  high  grounds. 

Vibunmni  dentatuni  li.     Arrow-wood.     Rather  rare. 

Vibwmum  lentago  L.  Black  haw,  Sheep-berry.  Still  quite 
common  along  streams. 

Viburmun pnmifohtni  \j.  Black  haw.  Rare.  This  and  the 
preceding  species  were  formerly  very  common,  but  the  clear- 
ing of  creek  and  river  bottoms  for  pasture  and  farm  lands  has 
materially  affected  both  species,  the  latter  perhaps  suffering 
more. 

Cephalanthus  occidentaJis  L.  Button-bush.  Common  in 
swampy  places. 

Fraxmus  aniericana  L.  White  ash.  Common.  Chiefly 
along  streams. 

Fraxinus  viridis  Mx.  f.  Green  ash.  Less  frequent  than 
the  preceding. 

Ulmus  fulva  Mx.     Slippery  elm,  Red  elm.     Common. 

Ulmus  amevicana  L.  American  elm.  White  elm.  Very 
common. 

Celtii^  occidental^  L.  Hackberry.  Very  common  along  the 
Iowa  river. 

Morus  rtthra  L.  Red  mulberry.  Not  common.  More  fre- 
quently found  in  the  northern  part  of  the  county. 
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Pldtamjbs  occidentalis  L.  Sycamore,  Buttonwood.  Rather 
common  along  the  Iowa  river. 

Juglans  cinerea  L.  Butternut,  White  walnut.  Common  on 
hillsides  and  along  streams. 

Juglans  nigra  L.  Black  walnut.  Becoming  rather  less 
common.  Formerly  very  abundant  along  all  the  streams  in 
the  county. 

Oarya  alba  Mott.  Hickory.  Very  common,  chiefly  on 
higher  grounds. 

Ca/rya  sulcata  Nutt.  Shell-bark.  One  tree,  probably  of 
this  species,  is  found  near  Iowa  City. 

Carya  amara  Nutt.  Bitter-nut,  Pignut.  Common,  chiefly 
on  higher  grounds.  Specimens  of  bitter-nuts,  resembling 
Ca/rya  pordiia  Nutt.  have  also  been  collected,  but  the  occur- 
rence of  the  species  in  Johnson  county  is  not  established 
beyond  question. 

Betula  nigra  L.  River  birch.  Red  birch.  Common  along 
the  larger  streams. 

Oorylus  americana  Walt.     Hazel-nut.     Very  common. 

Ostrya  virginica  Wild.  Ironwood,  Hop  horn-beam.  Very 
common,  chiefly  on  higher  grounds. 

Ca/rpinu8  caroliniana  Wild.  Ironwood,  American  horn- 
beam. On  rocky  banks  along  the  smaller  streams.  Less 
common  than  the  preceding. 

Quereus  alba  L.     White  oak.     Very  common. 

Quercu8  nmcrocarpa  Mx.     Bur  oak.     Very  common. 

Quercus  muhlenbergii  Eng.  Chestnut  oak.  Found  occa- 
sionally on  rocky  hillsides  along  the  Iowa  river. 

Quercus  rubra  L.     Red  oak.    Common  on  higher  grounds. 

Quercus  coccinea  Wang.  Scarlet  oak.  Common  chiefly  on 
lower  grounds. 

Quercus  coccinea  Wang,  var.  tinctoria  Gray.  Quercitron, 
Black  oak.     Rare. 

Quercus  palustris  Du  Roi.  Swamp  oak,  Spanish  .oak,  Pin 
oak.  Occasional  along  the  Iowa  river  in  the  northern  part 
of  the^  county. 
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Quercris  imbricaiHa  Mx.  Shingle  oak,  Laurel  oak.  Found 
only  in  the  southern  part  of  the  county,  where  it  is  not  rare 
on  the  Iowa  river  and  Old  Man's  creek  bottoms. 

Salix  nigra  Marsh.  Black  willow.  Common  along*  the 
Iowa  river  and  other  streams. 

Salix  amygdalaides  Anders.  Black  willow.  Common  with 
the  preceding. 

Salix  discolor   Muhl.      Glaucous    willow,    Pussy    willow. 
Quite  common  on  low  grounds,  chiefly  along  small  streams. 

Salix  cordata  Muhl.     Heart-leaved  willow.     Common  on  low 
grounds. 

Populus  tremvloides  Mx.  American  aspen.  Quaking  asp. 
Common  generally  on  low  grounds. 

Populus  grandidentata  Mx.  Large-toothed  aspen,  Quakring* 
asp.  Poplar.  Very  common,  soon  taking  possession  of  neg- 
lected clearings  on  higher  grounds. 

Populus  monilifera  Ait.      Cottonwood,    Necklace    poplar. 
Common  on  low  grounds. 

Juniperus  virginiana  L.     Red  cedar.     Formerly  common  on 
rocky  bluflfs  along  the  Iowa  river.     Now  quite  rare. 

The  nomenclature  in  the  above  list  is  that  of  the  sixth 
edition  of  Gray's  Manual. 


ON   THE   OCCURRENCE   OF   FOSSIL  FISHES   IN   THE 

DEVONIAN  OF  IOWA. 


BY   DR.    C.    R.    EASTMAN. 


The  fish  faunas  of  the  Devonian  and  Carboniferous  systems 
present  such  marked  differences  as  in  a  measure  to  justify 
the  assertion  that  a  great  revolution  in  ichthyic  development 
took  place  toward  the  close  of  the  former  period.  During 
the  Devonian,  the  fishes  commonly  known  as  Placoderms 
greatly  preponderated  over  the  Elasmobranchs,  which  con- 
tinued to  hold  a  subordinate  position,  both  relatively  and 
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absolutely,  from  the  date  of  their  initiation  onward.  But 
with  the  extinction  of  the  Placoderms  at  the  close  of  the 
Devonian,  the  Elasmobranchs  entered  upon  a  new  era  of 
development,  increasing  prodigiously  in  point  of  numbers 
and  variety,  attaining  greater  size,  and  becoming  more  for- 
midably armed.  In  contrast  with  the  remarkable  dearth  of 
Elasmobranchs  in  the  Silurian  and  Devonian,  upwards  of  600 
species  have  been  described  from  the  Carboniferous  of  this 
country  and  Europe;  and  it  is  probable  that  this  group  of  fishes 
was  much  more  abundant  during  the  Carboniferous  than  at  . 
present  or  during  any  other  geologic  period.  * 

With  the  exception  of  Cladodiia  and  its  allies,  very  few 
representatives  of  Carboniferous  genera  have  been  met  with 
in  the  Devonian,  and  these  are  restricted  chiefly  to  the  upper 
members  of  the  system.  Again,  while  the  earliest  and  most 
primitive  type  of  Elasmobranch  dentition  with  which  we  are 
acquainted  {Protodus^  Diplod/a8^  Cladodus)  was  adapted  for 
piercing,  and  while  this  type  prevails  to  the  exclusion  of  almost 
all  others  in  the  Devonian,  at  least  three-fourths  of  the  known 
Carboniferous  species  possessed  crushing  teeth,  which  were 
^  ^  adapted  to  the  trituration  of  moUusks  and  crustaceans ;  and 
the  number  of  those  provided  with  cutting  or  piercing  teeth 
was  comparatively  small. ' '  t  AH  of  these  crushing  teeth  are 
more  or  less  highly  specialized,  yet  they  appear  suddenly  and 
in  great  profusion  in  the  lowermost  Carboniferous,  apparently 
unlinked  to  any  forms  that  have  gone  before.  Thus  the  large 
group  of  the  Cochliodontidce  is  commonly  supposed  J  to  be 
confined  to  the  Carboniferous;  and  the  same  may  be  said  of 
the  Psammodontidm^  if  we  except  a  very  doubtful  species 
founded  on  imperfect  material  from  the  Comiferous  lime- 
stone {Psammodus  antiquum  Newb.).§ 

*  "  The  defenslye  spines  found  in  the  Oarboniferons  rocks  outnumber  ten  to  one  those  of 
all  other  senlovical  systems,  and  they  surpass  In  very  much  greater  proportion  anything  we 
find  in  the  living  fauna.'*— IVeiobern/,  J,  8.,  Paleozoic  Fishes  of  North  America  (Monograoh 
XVI  of  the  U.  8  Geol.  Survey,  p.  79 )    1889. 


we  can  regard  the  genus  as  correctly  determined,  a  fragment  of  Cochliodua  has  been 
found  in  the  Upper  Devonian  of  Belgium.    C/.  Dormal,  F..  Bur  les  poissons  d6voniens  dans  le 


t  Op.  cit.,  p.  184 

tit  we  can  reg 

1  the  Upper  Devonian  of  Belg: 
bassin  de  Namnr  (Proc.  verb.  Soc.  Malacol.  Belg.,  vol  XVI,  p.  czzzv).    1887. 

SThe  only  account  of  this  species  is  that  given  by  Newberry  in  the  Bulletin  of  the  National 
Institute  for  18S7.  copies  of  which  are  now  very  scarce.  The  author  was  careful  to  state  that 
DO  perfect  specimens  had  been  secured,  and  it  was  conceded  as  **  possible  that  they  are  gen- 
erically  different  from  Pnammodiu.**  It  is  not  known  whether  the  originals  of  this  description 
are  still  in  existence;  a  search  for  them  at  the  School  of  Mines  Cabinet  of  Oolumbia  Unlver- 
fit>y  proved  unsuccessful,  and  the  form  has  not  been  recognized  in  other  collections. 
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These  families  comprise  the  bulk  of  Carboniferous  Selachian 
teeth;  but  although  certain  generic  relationships  are  observ- 
able among  their  respective  members,  we  know  as  yet  no  tiling* 
of  intermediate  forms  connecting  the  two  families,  nor  of  tlie 
manner  in  which  compound  teeth  originated  from  msLrginsLh 
That  the  separation  of  Psammodont  and  Cochliodont  forerun- 
ners took  place  during  the  Devonian  can  hardly  be  doubted; 
but  how  the  teeth  were  arranged  in  the  ancestral  condition, 
and  first  became  fused  together,  we  have  had  as  yet  no  raeans 
for  determining. 

The  Dipnoans  likewise  possess  compound  teeth  whicb  are 
curiously  modified;  but  here  again  we  must  confess  ignorance 
of  the  stages  of  specialization  passed  through  by  them.     It  is 
conceded  that  this  group  of  fishes  was  derived  from  the  EJlas- 
mobranch  stem;  nevertheless  we  cannot  say  definitely  when 
the  Dipnoan  branch  was  given  oflf,  although  it  was  probably 
subsequent  to  the  development  of  compound  teeth  in  the 
parent  stock.     If  by  any  chance  the  primitive  stages  of  Dip- 
noan and  Elasmobranch  compound  dentition  should  become 
known  to  us,  and  should  prove  to  be  in  essential  agreement,  it 
could  not  be  doubted  that  the  former  are  directly  inherited 
from  the  latter.     Let  it  be  proved  that  the  compound  teeth  of 
Dipnoans  and  Elasmobranchs  have  arisen  through  convergence 
instead  of  parallelism,  and  we  can  state  positively  that  the 
divergence  of  these  groups  took  place  not  earlier  than  the 
Devonian.     Fortunately,  additional  evidence  is  now  at  hand, 
which  affords  some  insight  into  these  problems,  and  reveals 
closer  affinities  between  Dipnoan  and  Elasmobranch  denti- 
tion than  have  been  known  to  exist  before.     Among  other 
things  it  acquaints  us  with  types  of  compound  teeth,  such  as 
existed  in  primitive  Dipnoans ;  and  the  analogy  with  primitive 
Selachian  teeth  is  such  as  to  leave  no  doubt  that  they  had  a 
common  origin,  for  which  no  earlier  date  than  the  Devonian 
can  be  assigned.     Evidence  of  this  character,  it  is  needless  to 
remark,  is  of  far  greater  importance    than  the  discovery  of 
merely  new  genera  and  species,  no  matter  how  much  intrinsic 
interest  the  same  may  possess. 
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The  evidence  in  question  consists  of  large  numbers  of  per- 
fectly preserved  fish-teeth,  forming  part  of  a  remarkable 
fauna  recently  discovered  by  Professor  Calvin  in  rocks  which 
he  considers  to  be  of  Upper  Devonian  age.  Some  of  the  teeth 
bear  such  close  resemblance  to  those  of  Carboniferous  sharks 
that  they  were  at  first  mistaken  for  them  or  their  allies;  but 
with  the  acquisition  of  larger  material  very  remarkable  tran- 
sitions were  observed  between  them  and  undoubted  Dipterid 
species  {cf.  Plate  iv,  Figs.  32-42).  Among  other  features,  a  true 
root  was  found  to  be  absent,  as  in  the  Dipterids;  and  when 
finally  the .  microscopic  structure  was  compared  with  that  of 
a  number  of  Dipnoan  genera,  no  essential  dijfferences  could  be 
detected.  As  in  Dipterus^  Ctenodus^  Ceratodus^  etc.,  the  dental 
plates  are  composed  of  an  osseous  tissue  instead  of  dentine; 
the  vascular  canals,  which  are  of  nearly  uniform  size,  form  an 
irregular  network,  and  give  oflf  numerous  exceedingly  minute 
canaliculi;  moreover,  small  lacunas,  very  distinct  from  the 
vascular  canals,  are  interspersed  here  and  there  in  the  ground 
substance.  All  this  is  very  different  from  the  structure 
of  dentine,  in  which  lacunae  are  absent,  and  there  is  either 
a  pulp-cavity  or  a  system  of  medullary  canals  correspond- 
ing to  it.  In  a  word,  we  have  here  a  variety  of  new  Dip- 
noan forms,  differing  widely  from  those  that  have  been 
hitherto  described,  and  remarkable  in  many  respects.  Owing 
to  the  absence  of  other  parts  of  the  skeleton  nothing  can  be 
stated  at  present  in  regard  to  their  family  position. 

Although  it  is  beyond  the  scope  of  the  present  article  to 
enter  into  any  descriptions  of  these  remains,  still  a  few  words 
may  be  said  concerning  the  series  of  variations  exhibited  by 
the  form  which  we  will  designate  provisionally  as  Synthetodus* 
Some  of  these  variations  obviously  represent  different  stages 
of  growth;  others,  which  are  capable  of  being  co-ordinated 
with  one  another,  enable  us  to  distinguish  between  upper  and 
lower  dental  plates ;  and  still  others,  which  are  of  more  tren- 
chant character,  may  be  regarded  as  having  specific  value. 

*  Z.  J V  d  cVTSva ,  put  or  welded  together;  cr^i^myar  >  tooth. 
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Several  examples  of  a  species  for  which  the  name  S.  ir^ul- 
catiis  is  suggested  by  Professor  Calvin,  are  shown  in  tlie  two 
uppermost  rows  of  Plate  iv.    This  may  be  regarded  as  the 
most  primitive  type  of  Dipnoan  dentition  that  has    yet  been 
discovered.     A  comparison  of  a  number  of  examples   proves 
that  the  form  shown  in  Fig.  1  represents  a  young,  or  at  least, 
an  immature  stage,  having  the  sutures  between  its  constituent 
elements  more  or  less  open.     The  next  stage  (Figs.  4,  S)  is 
marked  by  a  gradual  coalescence  of  the  lateral  and  sympliysial 
elements,  together  with  a  filling  in  of  the  median  area,  so  that 
this  last  appears  nearly  flat  on  the  oral  surface. 

A  parallel  to  the  condition  just  described  is  furnished  by 
several  species  of  Copodus  among  the  sharks,  although  lieT& 
all  traces  of  a  median  longitudinal  suture  have  disappeared. 
The  upturned  lateral  margins  of  C.  spatulatus  and  C.  proto- 
tyjyiis  are  clearly  homologous  with  the  two  lateral  elements 
of  Syntfietodus.     That  the  dental  plates  of  Synthetodus  were 
supported  by  cartilage,  as  in  the  sharks,  instead  of  by  bone, 
appears  probable  from  the  occurrence  of  a  distinct  plate  lying 
directly  across  the  symphysis,  as  well  as  from  the  nature  of 
the  base.     Considering  the  wonderful  preservation  of  these 
teeth,  we  should  expect  to  find  some  of  them  still  attached  to 
the  palato-pterygoid  and  splenial  bones,  providing  the  cran- 
ium was  ossified.     As  no  traces  whatsoever  of  bone  have  been 
found,  and  as  the  jientition  is  comparable  with  that  in  Copodus 
(of.   Fig.    25)  and  other  genera  of  sharks,    the  conclusion 
ears  irresistible  that  we  have  here  evidence  of  lowly  forms 
of  Dipnoans,  whose  dental  plates  recall  the  ancestral  condi- 
tions of  pavement  teeth  such  as  was  developed  by  Elasmo- 
branchs  prior  to  the  divergence  of  lung-fishes. 

The  adult  stages  of  S.  trisulcatus  are  not  shown  in  any  of 
the  photographed  specimens,  but  in  Plate  iv,  Figs.  14r-16 
may  be  seen  mature  individuals  of  another  species  of  Synthe- 
todm.  Evidences  of  wear  are  very  palpable  at  this  stage,  and 
hollows  are  excavated  in  the  central  portion  conformable  to 
the    opposing    dentition    (Figs.    18,    19).      Long   continued 
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abrasion  gives  rise  to  smooth,  elliptical  or  tongue-shaped 
depressions,  precisely  similar  to  the  worn  surfaces  in  the  teeth 
of  Copodus.  Finally,  in  old  age,  when  detrition  of  the  surface 
is  no  longer  compensated  for  by.  growth  of  the  tooth  from  its 
base,  the  oral  surface  is  worn  nearly  flat,  and  the  margins 
become  greatly  attenuated.  Several  examples  have  been 
observed  exhibiting  this  stage.  Figures  12  and  21  show  it 
approximately. 

Synthetodus  and  its  allies  or  derivatives  make  up  the  greater 
part  of  the  Dipnoan  remains  from  this  horizon.  A  few  teeth 
have  been  noticed  which  bear  some  resemblance  to  those 
called  Conchodus  by  M'Coy,  and  Cheirodus  by  Pander;*  and 
these  are  seen  to  pass  by  gradual  transitions  (Figs.  38-42)  into 
true  Dipterid  forms.  The  genus  Dvpterus  is  represented  in 
this  country  by  two  species  from  the  Catskill  and  four  from 
the  Chemung  group  of  Pennsylvania;!  but  the  forms  discov- 
ered by  Professor  Calvin  in  the  old  State  Quarry  beds,  near 
North  Liberty  (Figs.  33-38),  are  not  identifiable  with  any  of 
these.  It  is  possible,  of  course,  on  the  theory  of  the  sha- 
'  green  origin  of  dental  plates  to  explain  Figures  39-42  as 
representing  obsolescence  instead  of  initiation  of  radial  rib- 
bing. But  as  the  ground-type,  SynthetoduSj  borne  possibly 
by  a  cartilaginous  lung-fish,  is  seen  to  have  been  smooth ;  and 
since,  furthermore,  a  passage  is  observable  between  plications 
(Fig.  19)  and  ribs  (Fig.  41),  as  well  as  between  smooth  ribs  and 
denticulated  (Figs.  33-35) ;  it  appears  preferable,  at  least  in 
the  opinion  of  the  present  writer,  to  regard  the  dental  plates 
of  Dvpterus  val€nci€nnes%  Otenodv^  cristatus^  etc.,  as  extreme 
modifications  of  a  type  that  was  first  entirely  smooth,  and  next 
became  smooth-ribbed.     The  crenulation  of  the  margin  in 


*Pander*8  work  oa  "  Die  ctenodipterlnea  des  deyonlschen  systems*'  bM  remained  as  yet 
Inaccessible  to  tbe  present  writer,  and  be  Is  Indebted  to  Mr.  A.  8.  Woodward,  to  whom  li^*^*^^ 
graphs  were  submitted,  for  having  suggested  a  similarity  to  some  of  tbe  Busslan  forms. 


tAn  unfinished  manuscript  lately  discovered  among  the  effects  of  Professor  Newberry, 
and  to  be  Issued  as  a  posthumous  publication  under  the  editorship  of  Mr.  Bashford  Dean,  con- 
tains descriptions  of  two  new  species  of  IKpterus  from  the  Ohemuog  gi  oup  of  PennsylTanla. 
Mr.  Dean  was  klod  enough  to  compare  the  originals  with  photographs  of  the  new  Iowa  species, 
and  pronounces  them  distinct.  The  same  MS.  also  mentions  the  occurrence  of  PtycUidiM  teeth 
In  the  so-called  '^Kinderhook  beds'*  of  Louisiana,  Missouri:  and  It  is  stated  that  no  differ- 
ences can  be  detected  between  them  and  the  well-known  P.  ooi eeoltis,  which  is  limited  to  rocks  of 
Devonian  age.  This  Is  important,  for  it  furnishes  additional  confirmation  of  the  view  con- 
tended for  by  Oalvln  and  Keyes  that  a  part  of  the  formation  at  Louisiana  Is  unquestionably 
Devonian. 
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J^ephodus  does  not  indicate  the  decadence  of  ribbing-,    but  a 
primary  stage  of  its  introduction. 

Indications  of  Arthrodires  occur  in  the  form  of  larg-e,  heavy 
fragments,  some  of  which  must  have  pertained  to  flsiies  of 
considerable  size.     Most  of  the  remains  that  have  been  exam- 
ined thus  far  are  too  imperfectly  preserved  for  satisfactory 
determination,  but  one  or  two  are  plainly  referable    to   the 
genus  Dinichthys.     One  fragment  shows  the  base  of  the  supra- 
occipital  region  of  the  cranium,  indicating  a  creature  of  about 
the  size  of  D.  intermedim.     Another  shows  the  articulating 
condyle  of  an  antero-dorso-lateral  plate.     As  this  genus  is 
already  known  from  the  Devonian  of  Manitoba,  and  from  the 
Hydraulic  limestone  (Hamilton)  of  Wisconsin,  its  occurrence 
in  the  North  Liberty  beds  is  not  surprising.     It  is  to  be  hoped 
that  further  search  may  be  rewarded  by  the  discovery  of  more 
numerous  and  perfect  specimens  than  have  yet  been  secured. 

Turning  our  attention  lastly  to  the  Elasmobranehs^  we  find 
that  Cladodonts  and  other  types  of  piercing  and  cutting  teeth 
are  conspicuously  absent;  neither  have  any  crushing  teeth 
been  encountered  that  can  be  positively  identified  as  Selach- 
ian, although  in  the  case  of  some  forms  it  will  require  careful 
microscopic  study  to  determine  their  nature  absolutely.  It  is 
also  noteworthy  that  no  dermal  spines  have  been  met  with; 
hence,  as  far  as  present  evidence  goes,  there  is  nothing  to 
disprove  the  generalization  that  defensive  armament  was 
uncommon  among  pre-Carboniferous  sharks. 

The  absence  or  paucity  of  Selachian  remains  in  these  beds 
is  compensated  for  by  prodigious  numbers  of  Chimaeroids. 
So  far  as  observed,  they  all  pertain  to  a  single  species  of 
Ptyctodus  (/*.  calceolus),  and  as  a  rule,  only  the  detached  and 
partly  abraded  tritoral  areas  dre  preserved.  Nevertheless 
these  fragments  are  so  plentiful  that  the  rock  may  be  said  to 
be  fairly  charged  with  them  in  places.  The  average  size  of 
the  tritors  appears  to  be  somewhat  smaller  than  in  P.  calceokis, 
but  where  the  complete  jaw  or  dental  plate  has  been  observed, 
it  presents  no  characters  which  serve  to  distinguish  it  from 
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that  species.     The  accompanying  text-figures  are  instructive 
inasmuch  as  they  show  for  the  first  time  the  nature  of  the 
symphysial  region  in  the  American  and  also  a  European  spe- 
cies.    The  inner  face  of 
the  dental  plates  (both  of 
the  figures  show  the  outer 
face)  retains  markings  at 
the  symphsis  where  they 
were  suturally  united 
with  their  fellows.  These 
dental   plates    possessed 

but    one    tritor     each,    in       Fio.  lO.    Dental  plates  of  Ptyctodus,  showina  outer 

surface.    A  Ptyetodus  coZeeoItw  N.  and  W.  (from 

advance    of  which   was   a  lowa);     b    PtyUoduB    mclaria    Eastman    (from 

Europe). 

cutting  edge  terminated 

in  front  by  a  sharp  projection.  The  original  of  figure  B  is  the 
most  perfect  of  several  examples  preserved  in  the  Museum 
of  Comparative  Zoology  at  Cambridge,  all  from  the  Middle 
Devonian  of  the  Eif el  district,  in  Rhenish  Prussia.  For  this 
form  the  name  P.  molaris  is  proposed.  Other  species  with 
two  tritors  to  each  dental  plate,  have  been  described  from- 
the  Middle  Devonian  of  Russia  and  the  Baltic  Sea  Provinces. 
The  solitary  American  species  has,  so  far,  been  reported  from 
the  Middle  Devonian  (Hamilton)  of  Canada,  and  from  a  few 
localities  in  Iowa,  Illinois,  and  Missouri. 

From  the  foregoing  it  will  be  apparent  that  we  have  here 
to  deal  with  a  unique  and  highly  interesting  assemblage  of 
fossil  fishes.  A  number  of  new  Dipnoan  genera  are  encoun- 
tered, some  of  which  present  astonishing  resemblance  to 
primeval  sharks,  and  others  are  connected  by  gradual  transi- 
tions with  Dvpterus.  Careful  study  of  these  forms  can  hardly 
fail  to  clear  up  many  difficult  problems  affecting  Paleozoic 
fishes.  The  presence  of  Diptsrua  and  Arthrodires  brings  the 
Iowa  fauna  into  relationships  with  the  Chemung  and  Catskill 
of  Pennsylvania  on  the  one  hand,  and  with  the  Waverly  of 
Ohio  on  the  other.  Nevertheless  the  different  aspects  of 
these  faunas  when  compared  with   one   another  are  very 
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lie.    Thrcr:;^  P'y  ^*^^  *  •.".'  ¥W«f  the £a>izzia  is  related 

of  this  forr2«  aixi  Ibe  atia^eDCie  €*f  all  cnber  Fl^gjg^rfcHiraji^hs  is 
a  snrprisiiig'  cii^evrKiarkcieL  Er^rex^*.  h  is  iDOfie  tJian  likelv 
that  further  sea;vb  will  t-rir^  i.:*  lirii  ^.any  fanzts  Twliieh  we 
should  naturallr  expect  v:*  f  ri  in  rc«:«i3  of  this  honzon. 

These,  in  brief-  a;  ^^ear  \*j  t«e  lie  l<=adiiig^ecnK-li2sioz2S  arrived 
at  from  a  somewhat  suzierleial  exanisatiosi  of  tl»e  material 
that  has  been  thus  far  c«:'ll<eici<ed.     Toe  results  o^    a    more 
detailed  investigation  will  f  its:  the  basis  of  a  futur^e  report. 

An  idea  of  the  perfect  preserratior-  of  these  fish  remains 
may  be  had  from  an  insp^ectioc  of  the  a'Ceompanying'  plate, 
reproduced  from  a  photograph-     C^  this  it  is  only  possible  to 
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EARLY  GEOLOGICAL  WORK,  121 

INTRODUCTION. 

SITUATION  AND  AREA. 

From  an  agricultural  point  of  view  Cerro  Gordo  county 
embraces  one  of  the  most  beautiful  tracts  of  land  in  Iowa. 
The  region  indeed  is  not  without  the  charm  of  beauty  from 
any  point  of  view.  This  county  lies  well  toward  the  west  line 
of  the  northeastern  quarter  of  the  state.  It  is  only  seventeen 
or  eighteen  miles  from  the  Minnesota  boundary.  Worth 
county,  on  the  north,  separates  it  from  Minnesota.  It  has 
Hancock  county  on  the  west,  Franklin  on  the  south,  and 
Floyd  on  the  east.  It  is  approximately  square,  embracing 
the  usual  sixteen  congressional  townships.  Outside  of  Mason 
City  each  congressional  township  is  now  organized  into  a  civil 
township. 

PREVIOUS  GEOLOGICAL  WORK. 

Cerro  Gordo  county  has  received  but  little  attention  in  pre- 
vious official  surveys.  It  was  not  included  in  the  area  directly 
investigated  by  Owen,  nor  does  the  report  of  Prof.  James 
Hall  refer  to  it  in  any  way.  The  survey  conducted  by  Dr. 
Charles  A.  White  covered  some  of  the  more  prominent  char- 
acteristics of  the  region,  and  his  report*  devotes  a  few  pages 
to  the  description  of  Cerro  Gordo  and  Worth  counties  con- 
sidered as  a  single  area.  There  are  also,  in  the  same  report, 
some  references  to  the  peat  of  Cerro  Gordo  county  in  the 
chapter  on  Economic  Geology,  and  to  certain  topographic 
phenomena  around  Clear  Lake,  under  the  head  of  Physical 
Geography.  In  1872  there  was  published,  as  advance  sheets 
of  the  Twenty-third  Annual  Report  on  the  State  Cabinet  of 
New  York,  a  paper  by  Hall  and  Whitfield,  in  which  some 
fossils  from  the  shales  at  Hackberry  Grove  are  described  and 
the  geological  age  of  the  formation  is  discussed. 

In  the  Ninth  Annual  Report  of  the  Geological  Survey  of 
Minnesota,    Mr.    Warren    Uphamf    discusses    the    terminal 

*  Report  oa  the  (3eol.  Burv.  of  the  State  of  Iowa,  Charles  A.  White,  toI.  II,  pp.  249-253,  Dea 
ilolnes.    1870 

t  Geol.  and  Nat.  Hist.  Burr ,  of  Minn.  Ninth  Ann.  Rep ,  pp.  808- S99.    Minneapolis,  1881. 

U  G.  Rep. 
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ki  ^  :i«  w  ini: 

mnd  gTvi?t»  ai-^m**  lecj^l:^  r»e-*v^-^^^^  -^  ot^orse  and 
isties  in  C<*r!7'  ^"^  r:»  •*  nn^tj.  M.-^"I**e  has  a  brief  description 
of  the  c^^'OLitio  '•■•ill«:iz:r  "5t*"iie*  at  Ma^soa  City  in  the  report 
OQ  the  tenth.  •jtrn:«;:>:'*^  azd  the  sazn*^  aiitbcw*^  diseu^sses  the 
charactero>ti«.t>  >f  tii»*  IjTie  Ci>:ek:  shal€s  at  Hackberrir  Gtox-^ 
in  his  ni*>ii«>gTar  h  •:-c  tie  P.^rbst^x-ezie  History  of  Nortiieasteni 
Iow;ft.  The  Eiickberry  •lr»  ve  f«Ta&[s  have  also  been  tlie  sub- 
ject of  papers  by  W"-  '\-trrs^  Calvin  and  Webster. 


TO  Pl>  ;  R  A  P  JTV- 

The  topography  •:f  the  greater  part  of  Cerro  Gordo  county 
might  be  regarded  by  some  observers  as  somewhat  charaoter- 
less  and  monotoc»3us^     Leaving  out  the  western  tier  of  to^wn- 
ships    the    remaining    portion    of    the    county  is  a  geotly 
undulating  drift  plain,  almost  level  over  large  areas.     Stream 
vallevs  that  have  cut  to  but  a  very  limited  extent  below  the 
(feneral  level,  and  a  few  knobs  or  ridges  that  rise  to  a  heig'ht 
of  twenty  to  thirty  feet  above  the  otherwise  unbroken  plaln^ 
If ive  some  diversity  to  a  landscape  in  general  devoid  of  saUent 
ti>l>ographic  features.     The  drift  covering  the  county  is  in 
Home  places  very  thin:  erosion  since  the  deposition  of  the  drift 
has  l)een  insignificant  in  amount,  and  hence  the  most  conspic- 
uous hills  and  valleys  of  eastern  Cerro  Gordo  are  in  reality 
remnants  of  a  preglaeial  topography. 

All  the  eastern  part  of  the  county  is  occupied  by  lowan 
drift;  the  western  tier  of  townships  is  almost  wholly  occupied 
by  the  knobs,  ridges  and  kettle  holes  that  characterize  the 
marginal  moraine  of  the  Wisconsin  drift,  the  Altamont 
moraine  of  Chamberlin.  A  small  area  in  the  southwest  corner 
of  Grimes  township  presents  some  of  the  characteristics  of 
plains  of  Wisconsin  drift ;  but  this  last  area  is  so  small  as  to 
make  it  comparatively  unimportant.   The  county  is,  therefore, 

•  Bept.  Tenth  Oeiuras,  toI  X,  pp.,  261-863. 

i  EleTenth  Ann.  Btpt.  U.  8.  Geol.  Eurv.,  p.  314. 
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topographically  divisible  into  two  principal  areas,  the  area 
of  the  lowan  drift  and  the  area  of  the  Altamont  moraine.     ' 

IREA  OF  low  AN  DRIFT. 

The  lowan  drift  area,  which  occupies  about  three-fourths 
of  the  surface  of  the  county  is,  as  already  stated,  a  plain,  only 
slightly  modified  by  surface  irregularities.  The  most  marked 
topographic  features  of  this  area  are  associated  with  the  val- 
ley of  Lime  creek.  From  the  point  at  which  the  stream  enters 
the  area  of  lowan  drift,  near  the  northwest  corner  of  Lincoln 
township,  until  it  leaves  the  county  near  the  southeast  corner 
of  Portland,  Lime  creek  flows  in  a  wide  and  ancient  valley 
that  has  been  only  partly  filled  with  debris  by  the  several  gla- 
ciers that  have  successively  occupied  the  region.  The  valley 
varies  in  width  from  one-fourth  of  a  mile  to  more  than  three 
miles.  In  depth  it  ranges  from  from  twenty  to  seventy  feet. 
The  channel  that  has  been  cut  since  the  deposition  of  the 
lowan  drift  is  a  shallow  trough  wide  enough  to  accommodate 
the  stream  in  ordinary  stages  of  water.  There  is,  strictly 
speaking,  no  flood  plain,  at  least  there  are  no  alluvial  deposits; 
but  a  plain  covered  with  lowan  drift  and  strewn  with  conspic- 
uous lowan  bowlders,  usually  begins  at  the  margin  of  the  shal- 
low channel,  and  is  doubtless  partly  overflowed  at  high  water. 
In  the  western  part  of  Lime  creek  township  the  stream  flows 
nearly  east  from  the  west  line  of  the  township  to  near  the 
center  of  section  27.  In  this  part  of  its  course  the  valley  is 
bounded  on  the  south  side  by  a  steep  escarpment,  twenty  to 
thirty  feet  in  height,  in  places  rocky,  in  other  places  seem- 
ingly made  up  of  drift.  The  stream  flows  close  to  the  foot  of 
the  escarpment.  A  low  drift  covered  plain  begins  near  the 
level  of  the  water  on  the  north  side  of  the  channel  and  extends 
back  from  one-eighth  to  more  than  one-half  mile.  The  plain 
rises  gradually  to  the  north  and  is  bounded  in  this  direction 
by  a  more  or  less  defined  terrace  eight  or  ten  feet  in  height. 
From  the  margin  of  the  terrace  a  second  plain,  which,  like 
the  first,  is  gently  inclined  toward  the  stream,  reaches  north* 


CHANNEL  OF  LIME  CREEK.  125 

The  valley  of  Lime  creek  abounds  in  interesting  features 
throughout  its  whole  course  in  the  county.  In  the  lowan 
drift  area  it  had  been  excavated  to  a  great  width  in  pregla- 
cial  time  and  probably  accommodated  one  of  the  master 
streams  of  ancient  Iowa.  The  valley  was  partly  filled  with 
Kansan,  and  probably  with  an  earlier  drift,  but  during  the 
interval  following  the  Kansan  ice  invasion,  it  was  in  part 
re-excavated, — the  terrace  already  noted  in  Lime  creek  town- 
ship, and  similar  terraces  at  other  points  along  the  valley, 
indicating  the  width  attained  at  the  time  the  interval  was 
brought  to  a  close  by  the  invasion  of  lowan  ice.  This  later 
ice  distributed  only  a  thin  mantle  of  drift  which  failed  to  dis- 
guise the  pre-existing  topography.  A  thin  sheet  of  till,  with 
numerous  and  large  bowlders  was  spread  over  the  higher  plain, 
over  the  terrace,  or  second  bench,  and  over  the  low  plain 


t  br  ill 

Jtftiel 


ihaanet  ot  Lime  creek  nortbol  H&iOD  Cltr.  Thti  ii  bo  interilactAl  Ctifto- 
[cavaMd  and  occupied  br  the  stream  OarlDi  the  iDterr&l  between  the 
n  atoKSa  ot  the  Plelitocene,  Tbis  Interval  foclnde*  three  dUtlnct  epl- 
.  n.... Q  Interglaclal  itmge,  theatage  of  the  IdtssIod  ot  Brutheoat- 


formed  by  the  excavation  of  the  valley  during  the  long  inter- 
glacial  interval  following  the  withdrawal  of  the  Kansan  ice. 
The  present  shallow  and  comparatively  narrow  channel  repre- 
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INTRODUCTION. 

SITUATION  AND  AREA. 

From  an  agricultural  point  of  view  Cerro  Gordo  county 
embraces  one  of  the  most  beautiful  tracts  of  land  in  Iowa. 
The  region  indeed  is  not  without  the  charm  of  beauty  from 
any  point  of  view.  This  county  lies  well  toward  the  west  line 
of  the  northeastern  quarter  of  the  state.  It  is  only  seventeen 
or  eighteen  miles  from  the  Minnesota  boundary.  Worth 
county,  on  the  north,  separates  it  from  Minnesota.  It  has 
Hancock  county  on  the  west,  Franklin  on  the  south,  and 
Floyd  on  the  east.  It  is  approximately  square,  embracing 
the  usual  sixteen  congressional  townships.  Outside  of  Mason 
City  each  congressional  township  is  now  organized  into  a  civil 
township. 

PREVIOUS  GEOLOGICAL  WORK. 

Cerro  Gordo  county  has  received  but  little  attention  in  pre- 
vious oflBcial  surveys.  It  was  not  included  in  the  area  directly 
investigated  by  Owen,  nor  does  the  report  of  Prof.  James 
Hall  refer  to  it  in  any  way.  The  survey  conducted  by  Dr. 
Charles  A.  White  covered  some  of  the  more  prominent  char- 
acteristics of  the  region,  and  his  report*  devotes  a  few  pages 
to  the  description  of  Cerro  Gordo  and  Worth  counties  con- 
sidered as  a  single  area.  There  are  also,  in  the  same  report, 
some  references  to  the  peat  of  Cerro  Gordo  county  in  the 
chapter  on  Economic  Geology,  and  to  certain  topographic 
phenomena  around  Clear  Lake,  under  the  head  of  Physical 
Geography.  In  1872  there  was  published,  as  advance  sheets 
of  the  Twenty-third  Annual  Report  on  the  State  Cabinet  of 
New  York,  a  paper  by  Hall  and  Whitfield,  in  which  some 
fossils  from  the  shales  at  Hackberry  Grove  are  described  and 
the  geological  age  of  the  formation  is  discussed. 

In  the  Ninth  Annual  Report  of  the  Geological  Survey  of 
Minnesota,    Mr.    Warren    Uphamt    discusses    the    terminal 

*  Report  oa  the  (3eol.  Burr,  of  the  State  of  Iowa,  Charles  A.  White,  toI.  II,  pp.  249-253,  Dea 
ilolaes.    1870 

t  Geol.  and  Nat.  Hist.  Surv ,  of  Minn.  Ninth  Ann.  Rep ,  pp.  808- 199.    Minneapolis,  1881. 
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€i  what  is  now  known  as  the  Wisconsin  drift  sheet, 
and  gives  some  details  respecting  its  course  and  cliaracter- 
istics  in  Cerro  Gordo  county.  McGee  has  a  brief  description 
of  the  dolomitic  building  stones  at  Mason  City  in  the  report 
on  the  tenth  census;*  and  the  same  author t  discusses  the 
characteristics  of  the  Lame  Creek  shales  at  Hackberry  Grov^ 
in  his  monog^ph  on  the  Pleistocene  History  of  Northeastern 
Iowa.  The  Hackberry  Grove  fossils  have  also  been  tlie  sub- 
ject of  papers  by  Williams,  Calvin  and  Webster. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  topography  of  the  greater  part  of  Cerro  Gordo  county 
might  be  regarded  by  some  observers  as  somewhat  character- 
less and  monotonous.     Leaving  out  the  western  tier  of  to'w^n- 
ships    the    remaining    portion    of   the    county  is  a  gently 
undulating  drift  plain,  almost  level  over  large  areas.     Stre£Lm 
valleys  that  have  cut  to  but  a  very  limited  extent  below  the 
general  level,  and  a  few  knobs  or  ridges  that  rise  to  a  height 
of  twenty  to  thirty  feet  above  the  otherwise  unbroken  plain, 
give  some  diversity  to  a  landscape  in  general  devoid  of  salient 
topographic  features.     The  drift  covering  the  county  is  in 
some  places  very  thin ;  erosion  since  the  deposition  of  the  drift 
has  been  insignificant  in  amount,  and  hence  the  most  conspic- 
uous hills  and  valleys  of  eastern  Cerro  Gordo  are  in  reality 
remnants  of  a  preglacial  topography. 

All  the  eastern  part  of  the  county  is  occupied  by  lowan 
drift;  the  western  tier  of  townships  is  almost  wholly  occupied 
by  the  knobs,  ridges  and  kettle  holes  that  characterize  the 
marginal  moraine  of  the  Wisconsin  drift,  the  Altamont 
moraine  of  Chamberlin.  A  small  area  in  the  southwest  corner 
of  Grimes  township  presents  some  of  the  characteristics  of 
plains  of  Wisconsin  drift;  but  this  last  area  is  so  small  as  to 
make  it  comparatively  unimportant.   The  county  is,  therefore, 

*  Sept.  Tenth  Oentus,  vol.  X,  pp.,  261-263. 
tEleTenth  Ann.  Btpt.  U.  8.  Geol.  Eurv.,  p.  314. 
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topographically  divisible  into  two  principal  areas,  the  area 
of  the  lowan  drift  and  the  area  of  the  Altamont  moraine. 

IREA  OF  10 WAN  DRIFT. 

The  lowan  drift  area,  which  occupies  about  three-fourths 
of  the  surface  of  the  county  is,  as  already  stated,  a  plain,  only 
slightly  modified  by  surface  irregularities.  The  most  marked 
topographic  features  of  this  area  are  associated  with  the  val- 
ley of  Lime  creek.  From  the  point  at  which  the  stream  enters 
the  area  of  lowan  drift,  near  the  northwest  comer  of  Lincoln 
township,  until  it  leaves  the  county  near  the  southeast  corner 
of  Portland,  Lime  creek  flows  in  a  wide  and  ancient  valley 
that  has  been  only  partly  filled  with  debris  by  the  several  gla- 
ciers that  have  successively  occupied  the  region.  The  valley 
varies  in  width  from  one-fourth  of  a  mile  to  more  than  three 
miles.  In  depth  it  ranges  from  from  twenty  to  seventy  feet. 
The  channel  that  has  been  cut  since  the  deposition  of  the 
lowan  drift  is  a  shallow  trough  wide  enough  to  accommodate 
the  stream  in  ordinary  stages  of  water.  There  is,  strictly 
speaking,  no  flood  plain,  at  least  there  are  no  alluvial  deposits ; 
but  a  plain  covered  with  lowan  drift  and  strewn  with  conspic- 
uous lowan  bowlders,  usually  begins  at  the  margin  of  the  shal- 
low channel,  and  is  doubtless  partly  overflowed  at  high  water. 
In  the  western  part  of  Lime  creek  township  the  stream  flows 
nearly  east  from  the  west  line  of  the  township  to  near  the 
center  of  section  27.  In  this  part  of  its  course  the  valley  is 
bounded  on  the  south  side  by  a  steep  escarpment,  twenty  to 
thirty  feet  in  height,  in  places  rocky,  in  other  places  seem- 
ingly made  up  of  drift.  The  stream  flows  close  to  the  foot  of 
the  escarpment.  A  low  drift  covered  plain  begins  near  the 
level  of  the  water  on  the  north  side  of  the  channel  and  extends 
back  from  one-eighth  to  more  than  one-half  mile.  The  plain 
rises  gradually  to  the  north  and  is  bounded  in  this  direction 
by  a  more  or  less  defined  terrace  eight  or  ten  feet  in  height. 
From  the  margin  of  the  terrace  a  second  plain,  which,  like 
the  first,  is  gently  inclined  toward  the  stream,  reaches  north* 
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ward  with  a  maximum  width  of  two  or  three  miles,  and  termi- 
nates in  low,  imperfectly  defined  hills.  These  low  hills  mark 
the  margin  of  the  old  preglacial  valley,  and  beyond  them 
Htretc'hes  away  the  unbroken  drift  plain. 

Southeast  of  Mason  City  the  creek  flows  near  the  middle  of 
its  old  valley,  and  the  escarpment  forming  the  eastern  bound- 
ary cuts  ol)li(iuely  the  west  line  of  section  7  of  Portland 
township.  The  height  of  the  escarpment  above  the  second 
bench  of  the  river  valley  is,  at  this  point,  thirty-five  feet.  The 
l)()undary  of  the  valley  is  similarly  marked  on  the  west  side 
at  a  (liHtance  of  a  mile,  or  a  mile  and  a  half  from  the  stream. 

In  the  southern  part  of  Portland  township,  the  Lime  creek 
valley  trends  nearly  east.  Here  again  the  stream  flows  near 
the  southern  margin  of  the  valley.  For  some  distance  it  fol- 
lows the  foot  of  an  escarpment  made  up  of  Lime  creek  shales 
and  presenting  a  front  seventy  feet  in  height.  From  the  sum- 
mit of  this  escarpment  the  normal  drift  plain  stretches  away 
with  gentle  undulations  to  the  south.  On  the  north  side  of  the 
stream  the  bowlder  strewn  plain  begins  near  the  level  of  the 
water  and  rises  very  graduall}"  toward  the  north  until,  at  a 
distance  of  two  or  three  miles,  without  marked  break  or 
change  of  slope,  it  blends  into  the  plain  of  drift  which  lies  at 
tlie  general  level  of  all  the  eastern  part  of  the  county.  In 
tlie  immediate  neighborhood  of  the  stream,  however,  there  is 
tht'  unusual  spectacle  of  two  drift  plains  of  the  same  age, 
sharply  ott'se^t  one  from  the  other  by  a  vertical  rise  of  seventy 
f<»nt,  ^rhc  interesting  relations  of  these  two  plains  are  due  to 
tnpogfaphic  features  imposed  upon  the  region  before  the 
oiM'oiniiig  of  the*  earliest  glacial  period.  The  offset  between 
iJiM  two  plaitm  is  most  marked  where  the  stream  flows  close 
in  iJiM  foot  of  the  escarpment  in  sections  34  and  35,  but  it  is 
roiiMmuMi  westward  through  sections  33  and  32,  receding 
fuvlUiW  and  farther  from  the  stream,  and  is  finally  lost  in  the 
yuiinral  hwtO  of  tlio  county  at  the  western  limit  of  the  pre- 
|iliM')ul  vallny. 
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The  valley  of  Lime  creek  abounds  in  interesting  features 
throughout  its  whole  course  in  the  county.  In  the  lowan 
drift  area  it  had  been  excavated  to  a  great  width  in  pregla- 
cial  time  and  probably  accommodated  one  of  the  master 
streams  of  ancient  Iowa.  The  valley  was  partly  filled  with 
Kansan,  and  probably  with  an  earlier  drift,  but  during  the 
interval  following  the  Kansan  ice  invasion,  it  was  in  part 
re-excavated, — the  terrace  already  noted  in  Lime  creek  town- 
ship, and  similar  terraces  at  other  points  along  the  valley, 
indicating  the  width  attained  at  the  time  the  interval  was 
brought  to  a  close  by  the  invasion  of  lowan  ice.  This  later 
ice  distributed  only  a  thin  mantle  of  drift  which  failed  to  dis- 
guise the  pre-existing  topography.  A  thin  sheet  of  till,  with 
numerous  and  large  bowlders  was  spread  over  the  higher  plain, 
over  the  terrace,  or  second  bench,  and  over  the  low  plain 


..    jDelofLlmaciMlcuoitbof HuonCIV.    ThtaUftolaMrgtBClklehui- 

□el,  appareutJ?  oxc^wautd  kod  oeenpled  br  tbe  itraani  anrins  (he  Intemtl  i)etweeD  the 
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em  [owa  bj  Ibe  Illlnol*  Ice  iheet,  and  the  latetglaclal  stage  (QDnamed)  tollonlnB  tba 
retreat  otuie  ntlnols  ice. 

formed  by  the  excavation  of  the  valley  during  the  long  inter- 
glacial  interval  following  the  withdrawal  of  the  Kansan  ice. 
The  present  shallow  and  comparatively  narrow  channel  repre- 
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sents  the  amount  of  erosion  since  the  close  of  the  lowan 
glacial  period. 

An  abandoned  channel  of  Lime  creek,  with  well  defined 
rocky  bluffs  that  are  in  places  forty  feet  in  height,  (Fig.  11)  is 
an  interesting  topographic  feature  in  sections  27,  34  and  35  of 
Lime  creek  township,  and  section  2  of  Mason  City.  At  the 
elbow  of  the  stream  east  of  the  center  of  section  27  in  the 
first  named  township,  the  present  channel  bends  toward  the 
southwest,  while  the  abandoned  channel  trends  almost  directly 
south.  The  southerly  course  is  maintained  for  a  little  more 
than  a  mile,  when  the  channel  bears  southeast  and  crosses  the 
south  line  of  the  township  from  sixty  to  eighty  rods  east  of 
the  southwest  comer  of  section  35.  In  section  2  of  Mason 
City  township  it  maintains  its  southeasterly  direction,  but  in 
the  northeast  quarter  of  this  section  it  enters  an  expansion  of 
the  old  preglacial  valley  and  loses  its  character  as  a  definitely 
bordered  channel.  The  course  of  the  stream  that  excavated 
this  old  channel  continued  southeastward  beyond  the  middle 
of  section  1,  and  then  turned  southward  to  join  the  present 
channel  near  the  south  line  of  section  12,  Mason  City  town- 
ship. The  part  of  the  channel  of  greatest  interest  is  that  in 
sections  27,  34  and  35  of  Lime  creek,  and  the  northwest  quar- 
ter of  section  2  of  Mason  City.  It  is  in  this  part  of  its  course 
that  it  is  defined  by  rocky  bluflfs.  Here  it  is  also  narrow, 
scarcely  exceeding  100  yards  in  width.  Topographically  the 
channel  is  young.  It  was  occupied  for  only  a  very  short  time 
as  compared  with  the  geologic  ages  required  to  excavate  the 
broad  valley  which  the  stream  generally  follows  in  the  lowan 
drift  area  in  other  parts  of  the  county.  As  to  the  age  of  the 
narrow  rock-walled  portion  of  the  channel  there  is  evidence 
that  the  excavation  was  completed  before  the  invasion  of 
lowan  ice,  for  lowan  drift  and  numerous  typical  lowan  bowl- 
ders lie  apparently  undisturbed  throughout  the  greater  part  * 
of  its  course.  The  present  stream  seems  to  follow  the  pre- 
glacial valley,  so  that  it  is  scarcely  possible  that  this  channel 
was  cut  and  afterward  abandoned  in  preglacial  times.     The 
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most  probable  succession  of  events  would  be,  (1)  a  preglacial 
valley  occupied  by  an  important  stream  was  cut  to  a  width  of 
from  two  to  three  miles.      In  places  the  width  may  have 
exceeded  the  maximum  given ;  in  others  the  real  width  may 
have  been  less  than  the  minimum.     One  of  the  narrower  parts 
of  the  qld  valley  was  just  below  the  point  at  which  the  aban- 
doned channel  diverges  from  the  present  one.     (2)  The  nar- 
row part  of  the  preglacial  valley  was  choked  with  dirt  during 
the  advance  and  retreat  of  the  Kansan  ice.     (3)  After  the  dis- 
appearance of  the  Kansan  ice  the  drainage  in  general  fol- 
lowed the  old  valley,  but  owing  to  obstructions,  probably  not 
far  below  the  point  at  which  the  divergence  occurred,  the 
stream  was  turned  aside  and  compelled  for  a  short  distance 
to  make  a  new  channel  in  which  it  continued  to  flow  during 
the  interval  between  the  Kansan  and  lowan  drift  periods. 
The  channel  cut  during  this  interval  is  in  reality  only  about 
two  miles  in  length.     In  the  remaining  portion  of  its  course 
until  it  joined  the  present  channel,  the  stream  followed  the 
eastern  portion  of  the  preglacial  valley.     (4)    During  the 
lowan  glacial  period  two  things  probably  occurred.     The 
obstruction  of  Kansan  drift  may  have  been  in  part  plowed 
away,  and  the  channel  followed  by  the  stream  during  the 
interglacial  period  may  have  been  in  part  filled  with  lowan 
drift.     That  the  now  abandoned  channel  was  so  filled  in  part 
is  attested  by  observed  facts ;  and  whether  the  obstruction  in 
the  preglacial  valley  was  plowed  out  or  not,  the  stream,  after 
the  retreat  of  the  lowan  ice,  left  the  channel  it  had  made  i|i 
interglacial  time,  and  once  more  followed  the  older  valley. 
On  this  hypothesis  the  abandoned  channel  represents  the 
amount  of  rock  cutting  accomplished  in  the  interval  between 
the  Kansan  and  lowan  glacial  stages.     Compared  with  the 
amount  of  erosion  since  the  close  of  the  lowan  stage  it  is 
many  times  as  great.     It  may  safely  be  asserted  that  the 
interglacial  period  in  question  was  relatively  long.     A  com- 
parison of  Figures  11  and  12  may  afford  some  measure  of  the 
relative  length  of  the  two  intervals.     Figure  11,  however, 
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shows  only  a  part  of  the  rock  euttinfr  accomplished  in  the 
period  between  the  Kansan  and  lowan  stages,  for  the  aban- 
doned valley  is  now  tilled  to  a  depth  of  several  feet  with  drift 
and  peatj^  humus,  while  Figui-e  12  shows  the  entire  amount  of 
valley-making  aeeomplished  by  the  Shell  Rock  river  at  the 
point  chosen  for  illustration,  in  all  jwist-Iowan  time. 

The  northeastern  comer  of  the  county  is  traversed  by  the 
valley  of  Shell  Rock  river,  a  valley  very  different  so  far  a» 
relates  to  its  history  and  topographic  characteristics  from 
that  of  Lime  ci-eek.  Shell  Ftock  valley  is  new.  It  travei-ses 
the  higher  diift  plateau.  Its  depth  as  a  rule  is  only  a  few 
feet  belnw  the  general  drift  plain  and  its  width  is  just  sufH- 
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cient  to  accommodate  the  jn-esent  stream.  In  many  places 
the  drift  plain,  with  its  liouses.  barns  and  cultivated  fields, 
begins  at  the  margin  of  the  sliallow,  trough-like  channel  and 
spreads  away  without  percei»tible  slope,  to  the  horizon  iFig. 
12).  In  other  phu-es  the  sti-eam  has  cut  thi-ough  low  ridges  of 
rock  and  developed  miniature  bluffs  tliat  pei-sist  for  a  short  dis- 
tance and  then  fade  into  the  low  grassy  slopes  that  couie  down 


SHELL  BOCK  RIVER  BLUFFS. 


Fio.  U.    VlBw  or  the  low  rocky  blaff  o 


to  the  water's  edge  (Fig.  13).  Below  Plymouth  for  a  few  miles- 
the  ehannel  is  cut  continuously  in  rocky  strata  to  a  depth  of 
eight  or  ten  feet.  At  a  few  points,  as  at  Vermilya's  blufif  in 
Sw.  qr.,  Ne.  i,  See.  35,  Falls  township,  theroeky  walls  on  one- 
or  the  other  side  of  the  valley  attain  a  height  of  thirty  or- 


Fia.  11.    Vettnllfa'i  blnir,  the   blghatt  n 


130 


GEOLOtiY  OF  lERRO  GORDO  (■OU>fTV. 


forty  feet  {Fig.  14).  but  in  sueli  cases  the  bolder  topography 
is  due  to  conditions  developed  in  preglacial  time.  In  general 
the  valley  of  the  Shell  Rock  in  Cerro  (joi-do  county  is  narrow 
and  shallow,  and  represents  work  accomplished  by  the  stream 
since  the  retreat  of  the  lowan  ice. 

In  the  vicinity  of  Mason  City  the  valley  of  Willow  creek 
shows  the  same  characteristics  as  the  valley  of  Lime  creek. 
It  has  a  depth  of  fifty  feet  measured  from  the  level  of  the 
water  in  the  stream  to  the  summit  of  the  hill  west  of  the  C, 
M.  i&  St.  P.  depot.     A  short  distance  west  of  the  depot  the 
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railway  cuts  through  fossiliferous  beds  of  the  Lime  creek 
shales,  but  the  bottom  land  between  the  railway  and  the 
stream,  averaging  half  a  mile  in  width,  is  covered  with  drift 
to  a  depth  in  places  of  fifteen  or  twenty  feet.  A  valley  more 
than  fifty  feet  in  depth,  and  fully  a  mile  in  width  was  excavated 
hare  before  any  drift  was  deposited.  lowan  bowlders,  some  of 
them  of  great  size  (Fig.  15).  lie  scattered  over  the  low  plain 
within  the  walls  of  the  valley  as  over  the  corresponding  plain 
along  Lime  creek.     Here  as  in  many  other  parts  of  the  county 
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the  successive  drift  mantles  were  in  the  aggregate  too  thin  to 
completely  obliterate  the  preglacial  topography.  The  valley 
^w^as  never  more  than  partially  filled  with  drift,  and  beyond 
the  limits  of  the  valley,  on  the  plain  south  of  the  railroad,  the 
plain  in  which  the  valley  was  cut,  the  drift  mantle  is  so  thin 
that  Lime  creek  shales  of  Devonian  age  are  exposed  by  the 
plow. 

Preglacial  hills  and  ridges  stand  out  to  a  limited  height 
above  the  general  surface  in  sections  16  and  17  of  Lake  town- 
ship.    In  the  northeast  quarter  of  17  there  is  a  low  ridge, 
half  a  mile  in  length,  trending  northwest-southeast,  and  com- 
posed of  Lime  creek  shales  with  scarcely  any  covering  of 
drift.     This  ridge  lies  between  the  forks  of  Willow  creek.    Its 
structure,  and  its  relations  to  the  drift  lying  in  the  adjacent 
valleys  and  lapping  up  on  its  sides,  indicate  that  it  belongs 
to  a  system  of  topograph}^  developed  before  the  earliest  gla- 
cial period.     A  similar  ridge,  with  drift  bowlders  sprinkled 
over  its  surface,  but   with  a  soil  made  up  of  decomposed 
Devonian  shales,  extends  through  the  northern  part  of  sec- 
tion 16. 

A  ridge,  conspicuous  for  this  region,  passes  from  section 
24  of  Mason  township  into  section  19  of  Portland.  It  rises 
sixty  feet  above  the  valley  of  Lime  creek,  and  twenty  feet 
above  the  drift  plain  to  which  the  road  descends  from  its  sum- 
mit toward  the  south.  Near  the  summit  the  rain-wash  in  the 
sides  of  the  road  expose  undisturbed  shales  of  the  Lime  creek 
stage.  A  thin  sheet  of  till  extends  over  the  ridge,  and  heav- 
ier bodies  lie  on  the  lower  grounds  on  either  side ;  but  the 
body  of  the  ridge  itself,  as  an  eminence  overlooking  low  lands 
on  the  north  and  south,  is  older  than  the  oldest  drift. 

The  scantiness  of  the  drift  materials  in  certain  localities, 
and  the  fact  that  the  present  hills  and  valleys  are,  to  a  large 
extent,  remnants  of  a  preglacial  topography,  are  well  illus- 
trated at  numerous  other  points  within  the  county.  For 
example,  there  are  many  bowlders  lying  over  the  plain  that 
begins  at  the  summit  of  the  seventy- foot  escarpment  in  section 
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35  of  Portland  township,  but  in  cultivating  the  fields  the 
farmer  drives  his  plow  through  Devonian  shales.  The  same 
shales  are  cut  through  by  the  roadway  at  the  summit  of  a. 
long  hill  near  the  southeast  corner  of  section  24  in  Owen 
township,  while  undisturbed  drift  lies  deeply  over  the  adja- 
cent valleys.  Along  the  road  leading  from  Mason  City  to 
Clear  Lake,  almost  every  excavation,  whether  made  in  hill 
or  valley,  cuts  through  the  thin  layer  of  drift  and  reveals  the 
yellow  shales,  which  here  constitute  the  country  rock.  In  the 
southwest  corner  of  Portland  township  there  are  numerous 
exposures  illustrating  the  same  relations.  The  valleys  con- 
tain undisturbed  drift  and  the  hills  are  made  up  of  undisturbed 
country  rock. 

Over  large  areas  in  the  eastern  part  of  Cerro  Gordo  county 
the  drift  is,  after  all,  comparatively  deep,  and  outside  of  such 
phenomena  as  have  been  discussed  above,  this  area  may  be 
looked  upon  as  a  drift-plain  with  gentle  undulations  that  are 
not  always  erosional  in  origin.  A  typical  portion  of  this  plain 
begins  at  the  eastern  or  northeastern  margin  of  the  old  Lime 
creek  valley  and  occupies  nearly  all  of  Falls  township, 
together  with  adjacent  parts  of  Lime  Creek  and  Portland. 
The  same  plain,  broken  only  by  the  post-glacial  erosion  of  a. 
few  small  streams,  covers  nearly  the  whole  of  the  area  east 
of  the  Altamont  moraine  and  south  of  the  valleys  of  Willow 
creek  and  Lime  creek.  Throughout  a  belt  several  miles  in 
width,  and  lying  on  both  sides  of  the  northern  boundary  of 
Dougherty,  Geneseo  and  Pleasant  Valley  townships,  the  plain 
is  typically  developed.  Its  western  limit  coincides  very 
nearly  with  the  east  line  of  .Grimes  and  Union.  An  area  of 
similar  topography  lies  between  Lime  creek  and  Willow  creek 
in  southwestern  Lincoln  and  the  northern  part  of  Lake. 

ALTAMONT  MORAINE. 

The  area  of  the  Altamont  moraine  is  one  of  unique  topog- 
raphy. Geographically  it  corresponds  very  nearly  with  the 
western  tier  of  townships  so  far  as  it  is  included  in  Cerro- 
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■Oordo  county.  In  the  southwest  it  extends  a  short  distance 
east  of  the  limit  of  these,  and  occupies  a  few  square  miles  in 
the  western  edge  of  Mount  Vernon  and  Pleasant  Valley  town- 
ships. The  surface  of  the  area  is  quite  irregular,  and  pre- 
sents a  series  of  knob-like  hills  and  undrained  marshes 
arranged  in  the  most  lawless  manner.  Erosion  has  played  a 
very  unimportant  part  in  producing  the  present  surface  con- 
figuration of  this  morainic  belt. 

One  of  the  most  broken  and  hilly  portions  of  the  moraine  in 
Cerro  Gordo  county  occurs  in  the  northwest  corner  of  Grant 
township.  The  hills  are  simply  knobs  of  drift  that  were 
irregularly  heaped  up  along  the  margin  of  the  Wisconsin  ice. 
Their  height  above  the  tortuous,  marshy  valleys  that  wind  in 
and  out  and  branch  and  rebranch  without  definable  system,  so 


Fig.  is.   Tbe  AlUimont  mor&lue  In  ■tctton  1  of  Qcuit  township 

as  practically  to  surround  each  individual  knob,  varies  from 
forty  to  seventy  or  eighty  feet.  The  slopes  are  often  steep. 
The  traveler  following  the  wagon  roads  must  be  content  to 
make  slow  progress,  and  must  often  make  long  detours  to 
avoid  impassable  marshes  or  impracticable  hills. 

Southeast  of  Lime  creek  in  Grant  township,  the  irregulari- 
ties of  the  surface  are  less  pronounced.  The  relief  is  less, 
the  curves  are  not  so  sharp,  and  yet  the  topography  is  in 
marked  contrast  with  the  gently  undulating  plain  of  lowan 
drift  that  begins  not  far  to  the  east.  The  milder  features  of 
the  knobby  moraine  are  continued  southward  to  Clear  Lake, 
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and  for  a  few  miles  south  of  that  body  of  water  the  g-entler 
curves  that  begin  south  of  Lime  creek  characterize  the  topo- 
graphic forms.  Section  3  of  Grimes  township,  is  the  center 
of  an  area  of  considerable  extent,  in  which  moranic  topog*- 
raphy  is  typically  developed  (Fig.  16),  the  moraine  here  hav- 
ing a  width  of  six  or  seven  miles.  In  the  southern  part  of 
Grimes  township  the  knob-like  hills  are  replaced  by  compara- 
tively gentle  undulations. 

Kettle  holes  are  very  characteristic  features  of  the  area 
occupied  by  the  moraine.     These  are  saucer-shaped  ponds  or 
marshes  that,  in  the  majority  of  cases,  are  only  a  few  rods  in 
diameter.     They  are  abruptly  depressed  below  the  surround- 
ing level,  but  they  may  be  found  in  all  situations  from  the 
low,  ill-drained  ground  between  the  hills,  to  the  top  of  the 
highest  eminences.     In  seasons  of  ordinary  rainfall  they  are 
filled  with  water  and  may  support  a  dense  growth  of  rushes, 
wild  rice,  and  less  conspicuous  aquatic  plants.      Evidently 
these  peculiar  ponds  were  formerly  more  numerous  than  at 
present,  for  in  many  instances  peat  bogs  have  taken  the  place 
of  kettle  holes,  the  depressions  having  been  gradually  filled 
with  partially  decayed  vegetation.     Ail  these  ponds,  indeed, 
are  in  process  of  filling;  and  the  cultivation  of  the  hills, which 
is  every  year  becoming  more  general,  will  hereafter  result  in 
the  mingling  of  considerable  quantities  of  earthy  matter  with 
the  peaty  deposit. 

The  basin  of  Clear  Lake  is  simply  a  large  depression  in  the 
Altamont  moraine,  and  it  may  be  regarded  as  genetically 
related  to  the  kettle  holes  already  described.  The  maximum 
depth  of  the  water  in  the  lake  is  about  fifteen  feet.  Except 
at  the  outlet,  at  the  east  end  of  the  lake,  the  basin  is  sur- 
rounded by  low  knobs  and  hills  of  drift. 

Lake  basins  of  smaller  size  than  Clear  Lake,  now  generally 
filled  with  peat  and  supporting  annually  a  heavy  crop  of 
coarse  slough  grass,  are  found  at  various  points  within  the 
limits  of  the  moraine.  A  typical  extinct  lake  bed  of  the  kind 
described  is  seen  in  sections  24  of  Union  township  and  19  of 
Mount  Vernon. 
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At  various  points  along  tlie  east  end  of  Clear  Lake,  as,  for 
example,  between  the  lake  and  the  Assembly  grounds,  there 
is  a  rather  low  but  conspicuous  ridge  of  sand  and  gravel  that 
is  more  recent  in  age  than  the  moraine.  This  ridge  has  had 
the  same  origin  as  the  "walls'^  and  causeways  that  commonly 
occur  on  the  low  or  swampy  sides  of  northern  lakes,  and  has 
been  produced  by  the  heaving  and  expansion  of  the  ice  dur- 
ing the  successive  winters  that  have  come  and  gone  since  the 
lake  came  into  existence.  The  expanding  ice  is  crowded 
shoreward  along  that  margin  of  the  lake  that  offers  least 
resistance,  and  carries  with  it  the  clay,  sand,  gravel,  bowl- 


fia.  11  Effect  rtt  eipanaloD  Of  Ice  In  OleiiT  Lalin.  AIodk  the  low,  Keatlj  tloplus  musliis 
of  tbe  lake  the  Ice  t>  heaved  and  broken  and  iihoved  ehoreward  with  tremeodoas  onergy, 
cmttIdk  witb  ItgreatqaanlltlMOt  BaDd.elvy,  bowldMH  and  other  InclndtdmatetUI*. 

dera  or  other  substances  that  may  be  frozen  in  its  lower 
surface,  or  are  so  situated  as  to  be  moved  by  the  great 
mechanical  energy  exerted  in  connection  with  the  process  of 
.expansion  (Fig.  17). 

In  the  western  and  southwestern  part  of  Grimes  township 
the  moranic  topography  gradually  disappears,  and  the  soft- 
ened curves  blend  eventually  into  the  level  plain  character- 
istic of  the  area  covered  with  Wisconsin  drift. 
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ELEVATIONS. 

The  following  table,  taken  from  Gannett's  Dictionary  of 
Elevations,  shows  the  relative  altitudes  of  a  few  of  the 
more  important  points  in  the  countj\  It  will  be  observed 
that  the  greatest  elevations  occur  at  Clear  Lake  and  Ventura, 
in  the  Altamont  moraine. 

Mason  City— 

C,  M.  &  St.  P.  depot 1,128 

Iowa  Central  depot 1,130 

Clear  Lake ,.  1,238 

Plymouth 1,125 

Portland 1,071 

Ventura 1,252 

DRAINAGE. 

With  respect  to  drainage,  as  in  the  case  of  topography, 
Cerro  Gordo  count}^  is  divisible  into  two  areas.  The  portion 
of  the  county  occupied  by  lowan  drift  has  relatively  perfect 
drainage,  and  the  stream  channels  are  fairly  well  defined. 
With  the  exception  of  that  part  of  the  channel  of  Lime  creek 
which  passes  through  the  northwest  corner  of  Grant  town- 
ship, it  can  scarcely  be  said  that  there  is  a  well  defined  water 
course  in  the  area  of  the  Altamont  moraine. 

Li/ne  creek. — Lime  creek  drains  the  larger  part  of  Cerro 
Gordo  county.  It  enters  the  county  from  the  southwest,  and 
in  the  first  part  of  its  course  it  traverses  the  morainic  belt 
already  described.  Its  course  in  the  moraine  is  somewhat 
anomalous.  Entering  Grant  township  in  section  19  the 
stream  flows  northeast  and  passes  into  Worth  county.  Soon 
after  entering  Worth  its  direction  is  changed  toward  the  east, 
and  after  flowing  eastward  for  a  few  miles  it  escapes  from  the 
moraine  and  enters  upon  the  area  of  lowan  drift.  Here  its 
course  becomes  normal  for  streams  in  this  part  of  Iowa.  It 
flows  southeast,  and  soon  re-enters  Cerro  Gordo  county,  • 
crossing  the  north  line  of  section  5  of  Lincoln  township. 
From  this  point  its  course  is  in  the  main  southeast  until  it 
leaves  the  county  at  the  east  line  of  section  36  of  Portland 
township. 
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Within  the  moranic  belt,  in  Grant  township,  the  course  of 
Lime  creek  is  very  tortuous,  since  of  necessity  it  winds  back 
and  forth  to  avoid  the  lawlessly  disposed  knobs  and  hills  of 
drift.  In  this  region  the  channel  is  new,  dating  only  from 
the  retreat  of  the  Wisconsin  ice.  It  is  now  a  mere  shallow 
trough  in  loose  glacial  detritus,  showing  only  an  inconsider- 
able amount  of  erosion  since  the  stream  began  work  upon  it. 
There  is  here  properly  no  river  valley,  nor  are  there  any 
tributary  streams  with  definitely  marked  channels.  The 
drainage  waters  from  adjacent  lands  find  their  way  into  Lime 
creek,  sometimes  by  very  roundabout  courses,  along  broad, 
flat-bottomed  swales,  or  through  reedy,  ill  drained  marshes. 

In  the  lowan  drift  area,  however,  Lime  creek  follows  a  pre- 
glacial  valley  that  was  originally  in  places  two  or  three  miles 


Fio.  18.  Profile  across  valley  of  Lime  creek  in  western  part  of  Lime  Greek  township.  1. 
Width  of  prefflaclal  valley.  8.  Width  of  vaUey  at  close  of  Interglacial  stage  preceding 
the  advent  of  the  fowan  glaciers.  8.  Width  of  present  channel.  This  channel  is  a  nar- 
row and  shallow  trough  cut  in  lowan  drift  A.  Tower  plain,  only  a  few  feet  above  level 
of  water  in  creek.  This  plain  is  covered  with  a  thin  sheet  of  lowan  drift  and  is  strewn 
with  large  lowan  bowlders  that  have  not  been  disturbed  since  they  were  deposited  at  the 
level  at  whl?h  they  now  lie.  B.  Terrace  Into  which  the  interglacial  stream  cut  the  valley 
No.  S.  Tbi«  terrace  is  underlain  bv  gravel  of  the  age  of  the  Buchanan  gravels  It  is 
superficially  covered  with  lowan  drift,  and  is  in  places  thickly  strewn  with. lowan  bowld- 
ers. O.  Highlands  beginning  at  the  northern  margin  of  the  preglacial  valley,  covered 
with  thin  mantle  of  lowan  drift. 

in  width.  In  depth  the  valley  varies  from  twenty  to  seventy 
feet.  Its  history  is  well  recorded  in  the  western  part  of  Lime 
Creek  township.  Here  the  present  stream  flows  in  a  small, 
shallow  and  narrow  channel  near  the  southern  margin  of  the 
valley.  The  south  bank  of  the  stream  rises  abruptly  to  a  height 
of  thirty  or  forty  feet.  On  the  north  side  a  plain  with  gentle 
slope  begins  near  the  level  of  the  water  and  extends  back  to 
,  a  terrace  that  is  eight  or  ten  feet  in  height.  At  the  summit 
of  the  terrace  there  begins  another  plain  that  may  be  two 
miles  or  more  in  width,  and  is  terminated  on  the  north  by  an 
irregular  line  of  low  hills.  The  history  seems  to  have  been 
JSLS  follows:    The  preglacial  valley  (Fig.  18)  had  a  width  reach- 

12  O.  Bep. 
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ing  from  the  south  bank  of  the  present  stream  to  the  line  of 
hills  which  form  the  northern  border  of  the  second  plain  noted 
above.     The  sub-Aftonian  drift,  if  it  was  ever  deposited  in 
this  region,  cannot  be  differentiated  from  the  Kansan,  but  it 
is  certain  that  at  the  close  of  the  Kansan  stage  the  old  valley 
was  only  partially  filled  with  detritus,   and  an  important 
drainage  stream  of  the  subsequent  interglacial  stage  followed 
the  old  depression  and  in  part  re-excavated  the  valley.   At  tlie 
beginning  of  the  lowan  stage  the  re-excavation  was  far  from 
complete,  its  amount  being  represented  by  the  space  between 
the  south  wall  of  the  valley  and  the  first  terrace  north  of  the 
present  stream.     The  lowan  glaciers  deposited  only  a  very 
thin  sheet  of  drift  over  this  region;  but  they  carried  numerous 
bowlders  that  are  scattered  over  the  whole  surface  of  high- 
lands and  lower  plains.     The  plain  between  the  terrace  and 
the  channel,  and  rising  only  a  few  feet  above  the  level  of  the 
water,  is  thickly  strewn  with  large  lowan  bowlders  that  have 
not  been  disturbed  since  they  were  deposited  at  the  level  at 
which  they  now  lie.     The  present  channel  is  a  shallow  trough 
cut  in  the  lowan  drift  of  this  lower  plain,  and  represents  the 
inconsiderable  amount  of  erosion  since  the  withdrawal  of  the 
lowan  ice. 

The  same  history  is  recorded  throughout  the  whole  course 
of  the  stream  in  the  lowan  drift  area,  except  that  during  the 
interglacial  stage,  between  the  Kansan  and  lowan  glacial 
periods,  the  stream,  for  a  few  miles,  was  turned  aside  from  the 
ancient  valley  and  expended  its  energies  in  cutting  the  aban- 
doned, rock-walled  channel,  already  noted,  that  traverses 
sections  34  and  35  of  Lime  Creek  township,  and  a  part  of  sec- 
tion 2  of  Mason  City.  The  evidence  of  the  interglacial  age 
of  this  abandoned  channel  has  been  given  in  connection  with 
the  discussion  of  the  topography  of  the  region. 

It  seems  probable  that  during  preglacial  and  interglacial 
times  the  valley  of  Lime  creek  accommodated  one  of  the  most 
important  streams  of  northeastern  Iowa.  After  the  close  of 
the  lowan  stage  the  Shell  Rock  river  probably  took  part  of 
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the  drainage  waters  that  had  previously  found  their  way- 
through  various  tributaries  into  the  predecessor  of  Lime 
creek.  At  all  events  there  was  no  pre-Iowan  Shell  Rock,  for 
this  stream  follows  no  valley,  and  has  cut  only  a  shallow 
trough  in  the  surface  of  the  lowan  drift.  Furthermore  the 
Wisconsin  drift,  particularly  the  Altamont  moraine,  choked 
up  that  portion  of  Lime  creek  valley  which  doubtless  was 
produced  northwestward  from  the  point  at  which  it  crosses 
the  northern  boundary  of  Cerro  Grordo  county.  As  a  conse- 
quence the  surface  waters  have  been  partly  turned  into  new 
courses,  while  those  that  still  find  their  way  from  the  Wiscon- 
sin drift  area  into  the  old  valley  are  obliged  to  wander  tortu- 
ously among  morainic  knobs,  and  over  areas  in  which  drainage 
channels  are  altogether  undeveloped.  As  a  result  of  these 
changes  the  relative  importance  of  the  stream  following  this 
old  valley  has  been  greatly  diminished. 

Shell  Rock  river. — The  Shell  Rock  river  drains  the  north- 
eastern portion  of  the  county.  It  flows  almost  diagonally 
through  Falls  township,  entering  the  county  a  short  distance 
north  of  Plymouth  and  leaving  it  not  far  from  the  northeast- 
em  comer  of  Portland  township.  In  its  course  in  Cerro 
Gordo  county  the  Shell  Rock  is  a  comparatively  unimportant 
stream,  receiving  few  tributaries,  and  having  its  drainage 
area  confined  to  a  narrow  space  on  each  side  of  the  channel. 
The  Shell  Rock,  as  a  stream,  is  new.  There  is  no  evidence 
of  any  valley  older  than  the  lowan  drift.  The  channel  is  cut 
in  the  drift  plain,  which,  in  places,  spreads  out  on  either  side 
of  the  shallow  trough  in  which  the  stream  flows,  and  without 
perceptible  slope  is  lost  in  the  unbroken  horizon.  Fields  that 
give  no  suggestion  of  being  lower  than  the  adjacent  lands  are 
tilled  to  the  water's  edge,  and  from  homesteads  established 
on  the  brink  of  the  stream  the  view  is  equally  uninterrupted 
in  every  direction.  The  Shell  Rock  began  to  flow  in  its  pres- 
ent course  after  the  lowan  ice  had  disappeared  from  this 
region.  It  is  a  typical  example  of  a  youthful  stream.  It  has 
cut  through  the  drift  and  has  usually  excavated  a  few  feet  of 
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rock,  but  the  work  of  valley  making  is  only  fairly    begun. 
The  amount  of  rock  cutting  accomplished  by  the  Shell  Rock 
is  less  than  one-third  of  that  performed  by  the  iaterg-lacial 
stream  that  excavated  the  abandoned  channel  near  Mason 
City.     It  may  not  be  safe  from  this  fact  alone  to  assume  that 
the  interglacial  period  was  three  times  as  long  as  the  period 
since  the  close  of  the  lowan  glacial  stage,  for  the  attitude  of 
the  land  is  an  important  factor  in  determining  the   rate  of 
channel  erosion,  but  there  are  other  corroborative  lines  of 
evidence  that  justify  the  belief  that  the  interval  between  the 
Kansan  and  lowan  glacial  stages  was  much  longer  than  the 
time  that  has  elapsed  since  the  close  of  the  lowan. 

^V^llmv  creek  is  a  stream  of  some  importance  that,  with  its 
numerous  branches,  drains  the  region  between  Mason  City 
and  Clear  Lake.  One  of  its  branches  affords  an  outlet  for  the 
waters  of  Clear  Lake  during  periods  of  excessive  precipitation. 
In  the  neighborhood  of  Mason  City  Willow  creek  ilows  in  an 
old  valley  that  has  been  subject  to  the  same  vicissitudes  as 
the  valley  of  Lime  creek.  It  was  excavated  to  a  depth  of  fifty 
or  sixty  feet,  and  was  widened  by  long  continued  weathering 
of  the  valley  sides  in  preglacial  times.  It  was  partly  filled 
by  Kansan  and  probably  by  sub-Aftonian  drift,  and  was  in 
part  re-excavated  during  the  interval  following  the  close  of 
the  Kansan  stage.  The  bottom  of  the  valley  received  a  thin 
layer  of  till,  and  upon  it  was  deposited  many  large  granite 
bowlders  as  a  result  of  the  invasion  of  the  lowan  ice.  The 
present  channel  is  a  small  trough  with  lowan  drift  coming 
down  to  its  margin. 

One  of  the  branches  of  Willow  creek,  as  already  noteB, 
carries  off  any  excess  of  water  from  the  basin  of  Clear  Lake; 
the  other  arises  in  the  imperfectly  drained  sloughs  and 
marshes  that  alternate  with  the  knobs  of  drift  in  the  eastern 
margin  of  the  hilly  country  north  of  the  lake.  Both  have 
their  origin  in  the  Altamont  moraine,  but  the  main  source  of 
the  water  supplied  to  the  stream  is  found  in  the  area  between 
the  margin  of  the  moraine  and  Mason  City. 
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Calmus  creek  is  a  stream  with  a  very  narrow  drainage  basin 
in  proportion  to  its  length.  It  has  its  origin  in  a  marshy  area 
near  the  northwest  comer  of  Lincoln  township.  Its  course  is 
nearly  parallel  to  Lime  creek,  and  only  a  mile  or  two  distant 
from  the  larger  stream,  which  it  joins  in  the  northern  part  of 
Mason  City.  Except  in  wet  seasons  the  amount  of  water  car- 
ried by  Calmus  creek  is  insignificant. 

The  southern  part  of  the  county,  east  of  the  moraine,  pre- 
sents extensive  reaches  of  level  land  in  which  drainage  is  not 
as  well  established  as  it  is  farther  north.  From  large  areas 
the  storm  waters  flow  off  very  slowly,  and  are  finally  gathered 
into  a  number  of  small  streams  that  have  cut  shallow  ditch- 
like channels  in  the  otherwise  unbroken  plain  of  lowan  drift. 
Mount  Vernon,  Bath,  Geneseo,  and  Pleasant  Valley  town- 
ships are  all  drained  by  the  numerous  small  forks  of  Beaver 
Dam  creek.  All  of  these  branches  exhibit  in  the  main  the 
characteristics  of  youthful,  prairie  streams  that  have  cut  only 
a  short  distance  into  the  black  drift  loam.  But  at  a  few  points 
some  rock  cutting  has  been  accomplished,  for  near  Rockwell 
one  of  the  branches  exposes  ledges  of  Owens  Grove  magnes- 
ian  shales  and  limestones;  another  branch  cuts  into  magnesian 
shales  of  the  same  horizon  three  miles  southeast  of  Swaledale ; 
in  section  35  of  Geneseo  township  the  creek  flows  apparently 
in  a  small  preglacial,  rock- walled  valley ;  and  in  section  36  of 
Pleasant  Valley  township  the  west  branch  of  Beaver  Dam 
creek  cuts  into  Kinderhook  shales  and  limestones. 

Cold  Water  creek. — Dougherty  township  is  drained  by  Cold 
Water  creek.  This  is  a  small  stream  in  seasons  of  ordinary 
rainfall.  The  headwater  branches  and  the  upper  portion  of 
the  drainage  course  are  defined  only  as  broad  swales  or  sloughs, 
without  any  distinct  channel  cutting  through  the  coarse 
slough  grass  sod.  Farther  down,  the  channel  is  better  defined. 
There  are  a  few  drainage  channels,  not  shown  on  the  accom- 
panying map,  in  the  northwestern  part  of  Owen  township; 
there  are  broad  sloughs  serving  as  drainage  courses  in  the 
eastern  part  of  Owen  and  Dougherty ;  but  all  the  southwestern 
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part  of  Owen  and  adjacent  parts  of  Dougherty,  Bath  and 
Geneseo  townships,  belong  to  a  level  expanse  of  rich  prairie 
land  in  which  drainage  has  been  only  imperfectly  developed. 

Drainage  of  the  morainic  belt. — The  Altamont  moraine,  occu- 
pying the  western  townships  of  Cerro  Gordo  county,  is  an 
area  that  is  practically  undrained.  Lime  creek,  as  already 
stated,  flows  through  the  northwest  comer  of  Grant  township, 
but  it  occupies  the  only  definitely  marked  stream  channel  in 
the  morainic  belt  north  of  Clear  Lake.  In  this  region  Lime 
creek  has  no  tributaries  except  so  far  as  the  debouching 
sloughs  and  marshes  afford  opportunity  for  drainage  of  the 
adjacent  areas.  For  many  miles  south  of  Clear  Lake  there 
are  no  drainage  channels,  except  the  broad  swales  that  wind 
in  and  out  among  the  hills  of  drift.  Indeed  the  first  definitely 
marked  water  course  in  this  direction  is  found  near  Thornton 
in  the  eastern  part  of  Grimes  township. 

Source  of  water  supply  for  Cleur  Lake. — No  surface  streams 
flow  into  Clear  Lake.  Union  and  Clear  Lake  townships 
are  practically  destitute  of  developed  drainage  courses. 
The  storm  waters  flow  from  the  hills  to  the  lower  levels,  but 
here  they  move  sluggishly  along  the  bottoms  of  broad  grassy 
swales  or  through  sedgy  marshes  and,  before  being  gathered 
into  definite  streams,  are  largely  lost,  partly  by  evaporation, 
and  partly  by  percolation  into  underground  channels.  The 
popular  belief  among  the  local  inhabitants  that  Clear  Lake, 
which  receives  no  surface  streams,  must  be  fed  by  springs,  is 
doubtless  true,  for  it  would  be  reasonable  to  suppose  that 
some  of  the  water  that  sinks  into  the  ground  in  the  hilly 
regions  north  and  south  of  the  lake,  would  find  its  way  along 
horizons  of  sand  and  gravel  into  the  lake  bed.  The  undrained, 
saucer-shaped  marshes  or  kettle  holes  characteristic  of  the 
morainic  area  were  noted  under  the  head  of  topography,  and 
it  was  also  noted  that  the  basin  of  Clear  Lake  is  only  a  large 
kettle  hole,  or  depression  in  the  drift  materials  of  the  moraine, 
and  is  not  necessarily  connected  with  any  special  configura- 
tion of  the  underlying  indurated  rocks. 
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Drainage  during  Wiaconai/n  sta^e. — Within  the  limits  of 
Cerro  Gordo  county  it  seems  clear  that  few  streams  of  any 
consequence  flowed  out  from  the  eastern  margin  of  the  Alta- 
mont  moraine  during  the  period  of  melting  of  the  Wisconsin 
ice.  The  waters  from  such  melting  probably  for  the  most 
part  flowed  southward  along  the  margin  of  the  ice,  inside  the 
moraine,  to  escape  through  the  marginal  ridges  of  drift  at 
points  outside  the  limits  of  Cerro  Gordo  county.  Toward  the 
southern  extremity  of  the  Wisconsin  ice  lobe  the  escaping 
streams  deposited  trains  and  terraces  of  gravel  along  their 
courses.  This  gravel  may  sometimes  be  traced  for  miles 
down  the  valleys  in  regions  outside  the  lobe  of  Wisconsin 
drift,  and  it  may  be  followed  backward  into  the  newer  drift 
region  for  long  distances.  In  this  county,  however,  there  is 
no  evidence  of  violent  stream  action  and  consequent  deposi- 
tion of  gravels  in  connection  with  the  melting  of  this  latest 
ice  sheet,  except  in  the  neighborhood  of  Thornton,  and  along 
the  west  branch  of  Beaver  Dam  creek  between  Thornton  and 
the  point  at  which  this  stream  passes  into  Franklin  county,  at 
the  south  line  of  section  36,  Pleasant  Valley  township.  The 
bold  topography  characteristic  of  the  moraine  farther  north 
gives  place  in  Grimes  township  to  more  softened  and  gentler 
undulations.  There  is  no  marked  elevation  of  the  morainic 
belt  above  the  drift  areas  on  either  side.  The  creek  in  ques- 
tion heads  well  toward  the  west  side  of  the  moraine,  and  its 
valley  seems  to  have  formed  the  most  important  outlet  in  the 
county  for  the  escape  of  waters  from  the  melting  ice  sheet. 
Gravels  begin  in  valleys  of  the  several  branches  of  this  creek 
some  distance  above  Thornton.  A  very  large  body  of  gravel 
occurs  where  two  important  branches  come  together  just 
below  the  village.  Gravels  are  strewn  all  along  the  creek 
valley  to  points  beyond  the  limits  of  Cerro  Gordo  county,  an 
important  bed  occurring  in  the  roadside  and  adjacent  fields  a 
few  rods  west  of  the  pdint  at  which  the  stream  crosses  the 
county  line. 
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GEOLOGICAL  FORMATIONS. 
General  Description. 

The  geological  formations  of  Cerro  Gordo  county,  whiile  not 
very  numerous,  are  all  of  especial  interest  both  fix>iii   an 
economic  and  scientific  point  of  view.     The  indurated  roclcs 
embrace  shales  and  limestones;  the  superficial  deposits  are 
almost  exclusively  drift.     Throughout  the  greater  part  of  the 
county  the  drift  covers  and  conceals  the  rocks  of  sedimentary 
origin.      The  principal  exposures  of  indurated  beds    occur 
along  the  larger  streams  and  their  tributaries  in  the  north- 
eastern half  of  the  county.     Exposures  of  one  kind  or  another 
are  almost  continuous  along  Lime  creek  throughout  its  course 
in  the  lowan  drift  of  this  region,  and  Shell  Rock  river  runs 
over,  or  between,  beds  of  limestone  nearly  all  the  way  from 
Plymouth  until  it   passes  into    Floyd  county  above  Nora 
Springs.     Near  the  mouth  of  Willow  creek  there  are  vertical 
limestone  cliffs,  and  Calmus  creek,  for  a  short  distance  above 
its  mouth,  has  its  channel  fioored  and  walled  with  hard  beds 
of   limestone.      The  following  table  shows  the  geological 
formations  recognized  in  Cerro  Gordo  county. 


GROUP. 

SYSTEM. 

SERIES. 

STAGE. 

SUB-STAGE. 

Cenozoic. 

Pleistocene. 

Carboniferous. 
Devonian. 

Glacial. 

Wisconsin, 
lowan. 
Buchanan. 
Kansan. 

Lower  Carboniferous, 
Mississippian. 

Kinderhook. 

Paleozoic. 

Middle  Devonian. 

Lime  Creek. 

Owen. 

Hackberry. 

Cedar  Valley. 

Mason  City. 
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DEVONIAN  SYSTEM. 

CEDAR  VALLEY  LIMESTONE, 

The  lowest  beds  seen  in  this  county  are  the  equivalent  of 
the  upper  portion  of  the  Cedar  Valley  limestone,  as  this  lime- 
stone is  developed  in  Johnson  and  adjacent  counties,  A  line 
drawn  from  Iowa  City  to  Mason  City  is  very  nearly  parallel 
to  the  general  line  of  strike  of  the  Cedar  Valley  and  under- 
lying limestones,  and  hence,  although  the  geological  struc- 
ture is  complicated  to  some  slight  extent  by  local  folds, 
equivalent  strata  are  found  at  numerous  intermediate  points, 
The  most  persistent  life  zone  in  the  formation, — a  zone  which, 
though  presenting  some  biological  and  lithological  variations, 
is  continuous  and  well  marked  over  a  very  large  part  of  the 
area  occupied  by  Devonian  strata  in  Iowa, — is  that  containing 
the  branching  and  spherical  stromatoporoids  characteristic  of 
the  beds  numbered  eight,  nine  and  ten  of  the  general  Cedar 
Valley  section  of  Johnson  county.* 

Southeast  of  the  Normal  School  buildings  at  Cedar  Falls  this 
zone  of  spherical  stromatoporoids  occurs  in  the  same  relative 
position  to  other  definitely  marked  life  zones,  that  it  occupies 
at  Iowa  City.  It  overlies  the  evenly  bedded  and,  in  general, 
non-fossiliferous  quarry  stone,  and  this  in  turn  overlies  the 
zone  of  Acervularia  davidsoni.  Omitting  intermediate  points, 
the  stromatoporoid  bed  is  seen  above  the  quarry  stone  near 
Marble  Rock.  It  was  this  same  stromatoporoid  bed  that  some 
years  since  was  worked  for  the  "coral  marble"  at  Charles 
City.  At  the  locality  last  named  the  matrix  is  more  than 
usually  compact,  owing  to  the  very  perfect  cementation  of  the 
material  with  interstitial  calcite.  The  east  end  of  the  wagon 
bridge  over  the  Shell  Rock  river  at  Nora  Springs  rests  on  the 
the  same  bed  of  Stromatopora.  The  bed  is  again  exposed  in 
the  low  bluflf  of  Lime  creek  at  Portland,  and  is  very  conspic- 
uous at  the  top  of  Lein  Brothers'  lime  quarry  in  Mason  City. 
The  zone  of  spherical  stromatoporoids  varies  greatly  in  thick- 

*  This  TOlume,  p.  71. 
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ness,  even  within  short  distances.     It  varies  also  in  the  genera 
and  species  of  true  corals  with  which  the  stomatoporas  are 
associated.     It  varies  in  the  compactness  of  the  matrix  and  in 
the  perfection  of  preservation  of  its  fossils.     Toward   the 
south  the  spherical  stromatoporoids  are  followed  in  ascending- 
order  by  beds  of  white,  non-fossilif erous  limestone.     White 
limestone  charged  with  stromatoporoids  growing  in  flat,  lam- 
inar sheets  or  expansions  follow  the  same  bed  in  Cerro  Gordo 
and  Floyd  counties.     In  Johnson  county  the  crinkled  stems 
of  two  species  of  Idiostroma  sometimes  prevail  to  the  almost 
total  exclusion  of  other  forms  of  stromatoporoids;  in  Cerro 
Grordo  county  Idiostroma  is  usually  absent  at  this  horizon,  but 
a  very  fine  stemmed  species  occurs  abundantly  in  association 
with  the  spherical  forms,  in  the  upper  part  of  the  Kuppinger 
quarry,  a  few  rods  below  the  mill  on  Lime  creek  in  Mason  City. 
In  Johnson  county  a  Favosites,  or  Pachypora,  with  cyUndri- 
cal  habit  of  growth  and  very  thick- walled  corrallites,  occurs 
in  the  Stromatoporabed;  in  Floyd  and  Cerro  Gordo,  a  related, 
though  different,  species  of  the  same  genus  is  found  spar- 
ingly at  this  same  horizon.     In  Johnson  the  bed  in  ques- 
tion frequently  contains  large  coralla  of  Acey^vularia  davidsoni; 
in  Cerro  Gordo  Pachyphyllmn  woodmani  and  a  new  species  of 
Diphyphyllum  take  the  place  of  the  Acervularia.     Ten  or 
fifteen  feet  above  this  horizon,   however,  in  beds  of  white 
limestone  containing  laminar  stromatoporoids,  PachyphyUum 
xooodmani  is  associated  with   Acervularia  iriequalis^  a   very 
characteristic     species,    and    evidently    a    highly    modified 
descendant  of  the  species  occurring  in  Johnson  county. 

TYPICAL  EXPOSURES. 

The  characteristics  of  the  Cedar  Valley  stage  in  this  county 
may  be  judged  from  a  study  of  the  following  typical  expos- 
ures. The  Kuppinger  quarry,  in  the  east  bank  of  Lime  creek, 
between  the  bridge  and  the  mill  dam  in  the  northern  part  of 
Mason  City,  gives  the  following  section: 
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FSET. 

7.    Residual  clay  and  drift 4 

6.  Somewhat  regularly  bedded  stromatoporoid  limestone 
in  which  occurs  a  small  Favosites  and  some  laminar 
stromatoporas  associated  with  many  spherical  masses 
of  stromatopora  with  concentric  laminae  of  growth..    3 

5.  Reef  of  stromatoporoids  consisting  largely  of  spher- 
oidal coralla  with  concentric,  laminated  structure; 
some  of  the  coralla  are  more  than  a  foot  in  diameter. 
In  some  cases  there  are  great  numbers  of  very  fine 
stems  of  a  species  of  Idiostroma.    Bedding  obscure.    5 

4.  White  or  grayish,  fine-grained  limestone,  breaking 
with  conchoidal  fracture,  very  compact;  ledges  rang- 
ing from  a  few  inches  to  more  than  two  feet  in  thick- 
ness.   No  traces  of  fossils,  or  traces  few  and  very 

obscure - - 14 

'  3.    Bluish  limestone,  flezuous  and  unevenly  bedded 2 

2.  Hard,  crystalline,  grayish  dolomite,  with  occasional 
streaks  of  brown  and  red.  In  weathered  portions  of 
this  member  the  crystals  of  dolomite  are  in  places 
very  loosely  cemented  and  the  rock  has  the  appear- 
ance of  a  friable  sandstone.  Some  beds  are  vesicular, 
owing  to  the  solution  and  removal  of  fossils.  The 
cavities,  however,  are  lined  with  cr3^tal8  to  such  an 
extent  as  to  obliterate  all  evidence  of  generic  or  spe- 
cific characters.  Ledges  varying  from  6  to 36  inches 
in  thickness - 8 

I.  From  floor  of  quarry  to  level  of  stream,  covered  with 
talus. ..  -    2 

The  crystalline  dolomite,  No.  2  of  the  foregoing  section,  is 
called  sandstone  by  the  quarrymen  and  masons  of  the  region. 
Some  of  the  fossil  cavities  are  evidently  due  to  removal  of 
crinoid  stems.  The  bedding  is  regular,  and  the  stone  may  be 
quarried  readily  in  blocks  of  serviceable  size  and  shape.  No. 
3  is  lather  worthless,  owing  to  the  irregularities  of  bedding 
and  the  tendency  of  the  layers  to  break  into  shapeless  pieces. 
The  white,  fine-grained  limestone.  No.  4,  shows  very  regular 
bedding,  the  individual  layers  generally  retaining  the  same 
thickness  for  considerable  distances.  The  rock  from  this 
member  does  not  resist  the  weather  as  well  as  the  dolomite. 
No.  2,  though  it  is  used  extensively  and  serves  well  for  many 
purposes. 
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Numbers  5  and  6  together  constitute  a  regular  Stroma, topora 
reef.  The  lower  part  of  the  reef  shows  no  bedding"  planes. 
At  first  the  stromatoporoids  consisted  of  species  girywing 
in  spherical  or  spheroidal  masses  from  a  fraction  of  an  inch 
to  more  than  a  foot  in  diameter,  but  later,  species  grownng-  in 
flat,  laminar  masses  displaced  those  with  the  concentric  habit 
of  growth.  A  few  colonies  of  small  cylindrical  or  branch- 
ing forms  of  Favosites  and  Cladopora  occur  with  the  stro- 
matopores,   but    true   corals  »are    very    rare    at    this     hori- 


,  NMnntI  vxpntuirof  OdkrVkllH  Lltu 
•ipOSUM  thtr  rKulKi  itrktlBcmlliia  of  th« 
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zon.  The  lower  surface  of  the  Stromatopora  bed  is  strangely 
out  by  a  series  of  ramifying  channels  apiKirently  accomplished 
by  streams  of  water  flowing  between  this  beil  and  the  under- 
lying white  limestone.  The  streams,  however,  dissolved  and 
ervxieil  the  nx'tf  more  than  they  did  the  floor  of  their  under- 
givund  channels. 

The  residual  olay,  Xo.  7,  at  the  top  of  the  section  is  very 
toxigh  and  very  ferniirinous.  It  h;is  workeil  its  way  down- 
wanl  along  joints,  and  fn^m  the  joints  it  h:»s  spread  out  hori- 
zontally l»ct  ween  layers.  s«.i  that  a"l  v^^vnings  are  filled  with 
it  to  a  depth  of  many  fivt  fivm  the  original  surface. 
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Above  the  top  of  the  Kuppinger  quarry  section,  the  hill 
rises  more  than  twenty  feet.  Stromatopores  occur  at  inter- 
vals all  the  way  up,  but  above  the  level  of  the  quarry  the 
coralla  are  all  of  the  laminar  type.  Among  the  species  with 
horizontal,  expansive  habit  of  growth,  single  coralla  may  be 
found  measuring  from  two  to  five  or  six  feet  in  diameter.  The 
hillside  is  partly  sodded,  and  hence  no  complete  section  at 
this  point  can  be  made. 

Above  the  mill  dam,  on  the  same  side  of  the  stream  as  the 
Kuppinger  quarry,  there  are  exposures  of  beds  2,  3  and  4 
of  the  preceding  section;  and  on  the  south  side  of  Calmus 
creek,  not  far  from  its  mouth,  the  same  beds  have  been  quar- 
ried to  a  considerable  extent. 

At  Parker's  mill  on  Willow  creek,  within  the  limits  of  Mason 
City,  the  picturesque  vertical  cliflFs  (Fig.  19)  aflford  a  natural 
section,  in  which  may  be  noted. 

FEET. 

6.  Stromatopora  reef,  equivalent  of  No.  5  of  the  Kup- 
pinger quarry 4 

5.    White  limestone,  somewhat  split  up  by  weathering..  14 
4     Evenly  bedded  dolomite,  in  ledges  varying  from  3  to 

30  inches  in  thickness 12 

3.  Impure  dolomite,  breaking  irregularly  by  exix)6ure  to 

weather,  and  containing  many  cavities  lined  with 
crystals  of  calcite 2i 

2.  Crumbling,  calcareous,  granular  bed,  light  gray  in 
color,  with  many  nodular  and  branching  stromato- 
pores, some  Favosites  and  beautiful  coralla  of  Pacbj- 
pbjUum  woodmani 1 

1.  Argillaceous  limestone,  dark  drab  in  color,  homogene- 
ous, but  breaks  up  on  exposure  to  frost 2 

At  Lein  Brothers  lime  quarry,  in  Mason  City,  the  succes- 
sion of  beds  already  described  occurs  essentially  unchanged. 
The  exposure  gives  the  following  section. 

FEKT. 

4.  Stromatopora  reef,  rather  definitely  stratified,  some 

laminar  stromatopores,  though  most  are  spheroidal 
in  shape.  With  the  stromatopores  occur  Pacbypbyh 
Itun  woodmani^  an  unknown  Diphyphyllum  and  some 
species  of  Cladopora 3 
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3.  Unstratified  part  of  the  Stromatopora  reef  with  sphei^ 

oidal  ooralla 5 

2.  White  limestone 15 

1.  Dolomite,  blue  and  gray • 4 

The  quarries  of  the  Belding  Stone  Co.  are  located  noriili 
of  Mason  City,  in  the  Se.  qr.  of  Nw.  i  of  section  27,    I-#ime 
Creek  township.    The  beds  here  show  some  differences  from 
those  observed  in  the  quarries  and  exposures  above  descril>e<i, 
as  will  be  seen  by  the  following  section. 

FEET. 

7.    Soil  and  reaidual  clay  from  a  few  inches  to 2i 

6.    White   or  grayish   limestone,  shattered   into  small 

pieces;  removed  as  part  of  the  stripping 3 

5.    White  limestone  in  thin  layers    .3 

4.  White  limestone  in  layers  from  2i  to  10  inches  in  thick- 

ness, good  building  stone 4 

3.  Evenly  bedded  dolomite,  suitable  for  heavy  walls  or  for 

cutting  into  caps  and  sills;  in  three  ledges  21, 10  and 
11  inches  respectively  in  thickness 3^ 

2.  ''Blue  cap^**  a  bed  that  quarries  out  in  shapeless, 

worthless  blocks,  in  two  ledges;  an  impure  dolomite.  3 
1.    Brown,  bluish  and  gray  dolomite  in  eight  ledges,  vary- 
ing from  4  to  13  inches  in  thickness  ... 5i 

The  white  limestone  at  the  quarry  described  above  lies  in 
thinner  layers  than  the  corresponding  beds  at  Mason  City. 
What  the  quarrymen  here  call  *'blue  cap/*  Xo.  2  of  the  sec- 
tion«  seems  to  be  a  local  deposit,  or  at  least  a  local  variation 
in  certain  la  vers,  in  the  middle  of  the  dolomitized  beds.  There 
is  some  lUfficulty  in  correlating-  unfossiliferous  beds  in  this 
region,  and  the  difficulty  arises  from  two  causes.  First,  any 
^ven  bed  may  thin  out  within  very  short  distances,  as  is  well 
illustrated  in  figure  2l\  and  leilges  that  are  sep;irated  from 
each  other  by  several  feet  of  strata  at  one  exix>sure,  may  be 
in  ovnitaot  at  exposures  not  far  n?moved.  Second,  the  process 
of  dolomiti-ation  has  a:*:eotOvi  the  Iv^ls  differently  in  different 
localities,  so  that  leogv^s  of  tine-irrair.evl.  white  limestone  in 
one  i^lxioe  mav  be  rei^reser.tevl  bv  ^.varse.  cn^^'^v^lar  dolomite  in 
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At  the  quarries  of  the  Mason  City  Stone  Co.,  in  the  Ne. 
qr.  of  the  Nw.  i  of  section  34,  Lime  Creek  township,  the 
dolomitized  beds  have  an  aggregate  thickness  of  nineteen  feet. 
Above  the  dolomite  are  twelve  feet  of  white  limestone.  A 
pit  sunk  below  the  bottom  of  the  quarry  reveals  an  argilla- 
ceous limestone  similar  to  No.  1  of  the  Parkers'  Mill  section, 
and  probably  its  equivalent. 

The  Mason  City  Quarry  Co.  have  two  openings  in  the 
Nw.  qr.  of  Ne.  i  of  section  27  of  the  same  township.  The 
work  here  has  not  been  carried  very  far  back  from  the  natural 
exposure,  and  it  is  probably  due  to  this  fact  that  the  layers 
are  in  general  thinner  than  at  the  other  quarries  described. 
The  beds  quarried  consist  partly  of  dolomite  and  partly  of  the 
white,  non-dolomitized  ledges.  Certain  beds  of  the  dolomite 
show  the  effect  of  weathering  much  more  than  others.  In 
ledges  twelve  to  fifteen  inches  in  thickness  the  cementing 
material  whereby  the  individual  crystals  are  held  together 
has,  in  some  instances,  been  removed,  and  the  rock  presents 
the  very  delusive  appearance  of  a  friable,  crumbling  sand- 
stone, a  fact  which  may  in  part  account  for  the  popular  appli- 
cation of  the  term  sandstone  to  all  the  dolomitized  beds. 

At  Portland,  about  four  miles  southeast  of  Mason  City,  the 
east  end  of  the  wagon  bridge  over  Lime  creek  rests  on  ledges  of 
limestone  forming  a  vertical  cliff.  A  short  distance  below 
the  bridge  the  following  section,  with  the  exception  of  No.  6, 
was  noted. 

FEET. 

6.    Dolomitized  bed  with  casts  of  thin  laminar  expan- 
sions of  stromatoporoids,  exposed  between  bridge 

and  mill 6 

5.    Coarse,  granular  dolomite  in  thin  layers 3 

4.    White  limestone  with  some  stromatopores,  the  defi- 
nitely bedded  portion  of  the  Stromatopora  reef 2 

3.    stromatopora  reef,  with  spheroidal  coralla,  but  more 

perfectly  stratified  than  at  most  exposures 4 

2.    White  limestone,  evenly  bedded 3 

] .    Dolomitized  limestone  in  heavy  layers 13 
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No.  1  in  the  above  section  is  the  equivalent  of  the  dolomite 
quarried  so  generally  near  Mason  City.     No.  2  represents  the 
fourteen  or  fifteen  feet  of  white  limestone  of  the  Mason  City 
exposures.     Nos.  3  and  4  will  be  recognized  as  the  Sti'omato- 
pora  beds  of  other  localities;  while  Nos.  5  and  6  are  tnofiified 
representatives  of  non-dolomitized  beds  overlying  the    Stro- 
matopora  reef  and  containing  laminated  stromatoporoids  in 
the  hill  above  Kuppinger's  quarry.     Above  the  bridg-e   the 
vertical  cliff  shows  the  rapid  feathering  out  of  certain  tyeds. 
Strangely  enough  it  is  here  the  most  persistent  of  all    the 


beds  {Nos.  3  and  4  of  the  section)  with  spherical  stroma- 
toporoids, that  disappear.  No.  5  is  bent  down  abruptly  (Fig. 
20)  to  rest  on  the  white  limestone,  and  No.  6,  five  feet  in  thick- 
ness, appears  above  it. 

Exposures  of  limestone  beds,  equivalent  to  those  above 
described,  occur  at  intervals  along  Lime  creek  below  Port- 
land, for  a  number  of  miles.  Less  than  half  a  mile  below  the 
I'ortland  bridge,  bed  No.  6  of  the  Portland  section  appears  in 
its  normal  relations,  and  contains  the  characteristic  laminar 
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forms  of  Stromatoporas.  Lithologically,  however,  its  char- 
acters are  wholly  different.  It  is  here  an  unaltered,  white 
limestone  without  signs  of  dolomitization.  A  mile  and  a  half 
farther  down  the  stream,  in  the  Se.  qr.  of  Ne.  i  of  section  29, 
Portland  township,  an  exposure  between  the  creek  and  the 
roadway  gives — 

FEET. 

5.    Laminated  Stromatopora  bed,  not  dolomitized 5 

4.    Dolomitized  bed,  equivalent  of  No.  5,  of  Portland  sec- 
tion  3 

3.  White  limestone  with  some  nodular  stromatoporoids...  1 
2.    Stromatopora  reef,  the  unstratified  bed  of  spherical 

stromatoporids  in  upper  part  of  Kuppinger's  quarry.  4 
1.    White,  evenly-bedded  limestone,  exposed  to  level  of 

water -- 4 

• 

For  the  next  two  miles  and  a  half  in  going  down  stream 
there  are  no  exposures  of  any  consequence.  No  beds  higher 
than  No.  5  of  the  last  section  were  seen  until  the  cliff  of  Lime 
creek  shales  was  encountered  in  the  northwest  quarter  of 
section  35.  The  shales  here  come  down  to  the  level  of  the 
water  and  the  underlying  limestone  was  not  seen.  There 
cannot,  however,  be  any  great  thickness  of  limestone  inter- 
vening between  the  top  of  No.  5  of  the  section  last  described 
and  the  base  of  the  shales. 

While  the  bed  of  laminated  stromatoporoids  between  Port- 
land and  the  exposures  of  Lime  Creek  shales  in  section  35  of 
Portland  township  nowhere  exceeds  six  or  eight  feet  in  thick- 
ness, the  equivalent  bed  above  the  Kuppinger  quarry  has  a 
thickness  of  about  twenty  feet.  Again,  while  the  shales  in 
Portland  township  seem  to  rest  on  the  bed  of  laminated  Stro- 
matoporas, it  is  still  true  that  this  laminated  bed  is  not  the 
highest  member  of  the  Cedar  Valley  limestone.  At  Nora 
Springs,  a  short  distance  east  of  the  east  line  of  Cerro 
Gordo  county,  there  are  some  exposures  of  very  great 
interest.  In  the  first  place  the  reef  of  spheroidal  stro- 
matoporas is  unusually  well  developed.  It  rests  as  usual 
on  white,  non-dolomitized  limestone.  The  lower  division, 
crowded  with  the  characteristic  spheroidal  coralla,  is  eight 

18  O.  Bep. 
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feet  in  thickness;  the  upper  portion,  showing  more   definite 
bedding,   is  nearly  as  thick.      In    the  bluflf,   south     of    the 
town,  on  right  bank  of  the  Shell  Rock  river,  there    are, 
above  the  reef  bed,  layers  corresponding  to  Nos.  5  and  6  of 
the  Portland  section,  and  these  are  followed  in  ascending*  order 
by  ten  feet  of  soft,  yellowish,  shaly  beds;  six  feet  of    lig-Jit 
reddish-brown  argillaceous  limestone,  regularly  bedded,  and 
quarried  for  building  purposes;  five  feet  of  impure,  earthy 
dolomite  containing  casts  of  Spirifer  and  Orthis;  and  then  in 
the  debris  on  the  hillside  farther  up  there  are  many  loose 
fragments  of  Actinoatroma  eooparisum  Hall  and  Whitfield  sp., 
which  marks  a  horizon  not  previously  noted  in  this  report. 
The  entire  section  at  Nora  Springs  would,  therefore,  be — 

FEIET. 

7.    Horizon  of  Actiaostroma  expmsnm,  not  exjiosed,  but 
fragments  of  Actinostroma  are  found  in  debris  on 

hillside 

6.    Earthy  dolomite,  with  casts  of  Spirifer,  Orthis,  etc..    5 
5.    Reddish  brown,  regularly  bedded,  argillaceous  lime- 
stone     6 

4.    Soft,  yellowish,  shaly  beds. 10 

3.    Beds  corresponding  to  Nos.  6  and  6  of  the  Portland 

section 5 

2.    Stromatoporoid  reef 14 

1.    White  or   light   gray    limestone,  regularly  bedded, 

partly  brecciated 16 

West  of  Rockf  ord  in  Floyd  county  there  are  exposures  along 
Lime  creek,  which  show  the  earthy  dolomite  seen  near  Nora 
Springs,  with  casts  of  brachiopods  and  other  organic  types. 
It  is  here  only  a  few  feet  above  the  level  of  the  water.  Above . 
this  lies  in  place  the  Actinostroma  bed,  four  feet  in  thickness. 
Some  of  the  massive  coralla  occupy  nearly  the  whole  thick- 
ness of  the  bed,  and  have  horizontal  dimensions  of  eight  or 
ten  feet.  The  Actinostroma  bed  is  overlain  by  a  thin  bed  of 
unfossiliferous  white  limestone.  This  is  followed  bv  ten  feet 
of  yellow  laminated  shale;  and  the  shale  is  in  turn  overlain 
by  a  single  layer,  six  feet  in  thickness,  made  up  of  thin,  sinu- 
ous laminae  of  Stromatopora,  imited  at  intervals  to  form  a 
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mesh-like  plexus  when  seen  in  vertical  section.  The  plexus 
of  stromatoporoids  is  embedded  in  a  yellow  matrix.  About 
a  mile  west  of  the  section  described  above,  the  well-known 
Rockford  exposures  of  the  Lime  Creek  shales  occupy  a  posi- 
tion consistent  with  the  view  that  they  rest  on  the  bed  last 
described.  At  all  events  nothing  higher  than  this  bed  is  at 
present  known  beneath  the  Lime  Creek  shales,  and  it  may, 
therefore,  provisionally  be  regarded  as  the  uppermost  mem- 
ber of  the  Cedar  Valley  stage. 

Cedar  Valley  limestones  are  exposed  afong  the  Shell  Rock 
river,  at  short  intervals,  from  near  Plymouth  imtil  the  stream 
passes  into  Floyd  county.  In  the  northwest  quarter  of  sec- 
tion 17,  Falls  township,  beds  of  hard,  crystalline,  dark  gray 
dolomite  are  exposed  in  bank  of  river  with  an  aggregate 
thickness  of  about  eight  feet.  The  layers  are  intersected  by 
many  seams,  and  there  are  numerous  pockets  filled  with  cal- 
cite.  The  strata  dip  up  stream,  and  beds  not  seen  at  the  first 
exposure  appear  a  few  yards  below.  A  light  gray  dolomite, 
more  nearly  resembling  the  dolomitized  beds  at  Mason  City, 
underlies  the  darker  phase.  The  darker  beds  are  in  thin  lay- 
ers, and  some  near  the  top  of  the  exposure  contain  obscure 
traces  of  a  fossil  resembling  Strombodes.  The  beds  at  this 
locality  are  the  equivalent  of  bed  No.  5  of  the  Portland  sec- 
tion. This  member  is,  however,  much  thicker  here  than  at 
Portland  and  has  some  beds  heavy  and  compact  enough  for 
use  as  building  stone. 

Along  the  Shell  Rock  the  beds  are  very  much  folded.  A 
very  sharp  arch  is  seen  north  of  the  center  of  section  17,  and 
at  another  fold,  one-half  mile  south,  the  fiank  of  the  arch  dips 
at  an  angle  of  22^.  The  crown  of  one  of  these  small  arches 
in  section  17  reveals  the  beds  below  the  dolomite  noted  above. 
At  level  of  stream  there  is  a  white,  regularly  bedded  lime- 
stone which,  a  few  feet  higher,  is  overlain  by  the  Stromato- 
pora  reef  of  the  Kuppinger  quarry.  The  white  limestone 
which  is  fourteen  feet  thick  at  Mason  City  is,  near  the  west 
line  of  section  16,  reduced  to  two  feet,  and  is  underlain,  as 
shown  in  one  of  the  folds,  by  the  Mason  City  dolomite. 
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in  Lime  Creek  and  Lincoln  townships.  These  show  a  very 
interesting  progressive  modification  of  certain  beds  toward 
the  northwest.  At  the  bridge  over  Blake  creek,  near  the 
northeast  comer  of  section  28,  Lime  Creek  township,  the 
exposures  present  the  phases  observed  near  Mason  City  and 
Portland.     A  section  here  gives: 

FEET. 

5.    Dolomitized  phase  corresponding  to  No.  5,  of  the  Port- 
land section .— J •- 4 

4.    White  limestone,  with  some  stromatoporoids 6 

3.    Reef  with  spherical  stromatoporoids 4 

2.    Regularly  bedded  white  limestone 10 

1.    Dolomite,  exposed  to  bed  ui  oreek 1 

Above  the  bridge  the  cliflf  shows  a  tendency  to  cavernous 
undermining,  owing  to  the  greater  destructibility  of  the  white 
limestone.  The  reef  of  Stromatopora  forms  the  roof  of  the 
caverns.  All  the  beds  are  affected  by  one  of  the  small  folds 
so  common  in  the  limestones  of  this  stage  throughout  Cerro 
Gordo  and  adjacent  counties. 

About  two  miles  west  of  the  Blake  creek  bridge,  near  a 
small  schoolhouse  in  section  19,  the  Stromatopora  reef  occurs 
at  the  level  of  the  water  in  Lime  creek,  and  is  followed  by 
the  usual  beds  of  white,  sparingly  fossiliferous  limestone. 
Two  and  a  half  miles  farther  up  the  creek,  in  section  14  of 
Lincoln  township,  some  interesting  exposures  were  observed. 
There  are  many  strong  local  dips  and  short  folds.  The  Stro- 
matopora  reef  is  frequently  exposed,  and  the  white  overlying 
limestone  is  here  quite  fossiliferous.  Among  the  genera 
noted  were  Acervularia,  Pachyphyllum,  a  peculiar  Diphyphyl- 
lum,  Syringopora,  Cladopora,  Atrypa  and  StraparoUus. 

At  Lincoln  mills,  in  section  15,  the  reef  bed  is  exposed  at 
the  level  of  the  water,  and  the  overlying  strata  contain  the 
same  fauna  as  the  corresponding  ledges  in  section  14.  Below 
the  mill  there  are  two  small  folds  or  anticlines  with  crests 
twenty  rods  apart,  and  the  fossiliferous  white  limestone  is,  in 
places,  quite  distinctly  brecciated.  A  thin  bed  of  dolomite 
above  the  Stromatopora  reef  is  a  feature  more  or  less  con- 
stant at  all  exposures.     It  apparently  corresponds  to  bed  No.  5 
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lii  PiM*tliuul.      At  the  eaHt  end  of  the  bridge,  three-fourths 
of  a  nillo  ahovo  the  mill,  there  is  an  exposure  showing-  a  reef 
vM\  In  tnio  c^oralM.    The  beds  are  made  up  chiefly  of  maisses 
i»f  Aporvularlai   Dlphyphyllum  and  Cladopora;  yet  in    many 
limtanooH  i\u>  Dlphyphyllum  has  grown  around  a  mass  of  Stro- 
luatoporai  aiul  Hphoroidal  sti*omatoporas  make  up  no  ineon- 
»«titovubU^  pi>rUt>n  of  tho  entire  deposit.     Colonies  of  this  j>ecul- 
U\v  Ulphyphyllum,  showing  evidences  of  luxuriant  gro^wiih 
\u\tliM*  what  \\\\\h\  \\\\\i>  boon  very  favorable  conditions,  become 
luoi'i^  lUUUottniH  tui  the  IhhIs  are  traced  up  Lame  creek,  towards 
Iht^  UxMlhwxv^t*    SnuUU  dwiirfeii  colonies,  with  stems  rarely 
lMO\^^  thaw  an  inoh  in  length,  are  found  rather  sparingly  in 
I  he  ^>HNf  tnsl  and  in  overlying  layers  at  Xora  Springs,  Port- 
Un\l  an\l  Ma.N\M\  i^ity.     l-arg^r  and  more  vigorous  colonies, 
asHxxSMat ^sl  NX  \t  h  a  gi>>at or  nxunber  of  true  corals,  are  furnished  f 

^\\  t^\e  e\\svNn^>>s  in  the  wwiitoTO  jv^rt  of  Limeereet  and  east- 
^^^^\  )\^vt  \n(  ti^,H\Nh\  townshVjV  At  the  bridge  above  noted 
vnn^v^'n  .^^v  v^v,^,v,e^\MiSK  And  the  l'^,i>hvvhvllum  oeeuis  in  aegre- 
^v^>  ;>v,\x  >\»  'xN:i\^::x  N'e'i':o.or>  ?,e:3tx^v,:i^ :s:<^r:i>^  w::b  irsc:v>haQ  coralja 

jLAW  "i"^  «^\Xr\>    -■-  x.r..^;vc:i',  A.^\-jir,Tci^^  i*  :iis  j.valiiy  seem 


> 
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Dipbyphyllum  and  other  corals  has  been  changed  to  a  coarse 
granular  dolomite,  and  some  of  the  non-dolomitized  layers 
had  been  superficially  divided  into  irregular  polygonal  areas 
by  mud  cracks,  as  if  by  exposure  to  atmospheric  drying  at 
the  time  of  their  formation.  All  the  phenomena  seem  to 
imply  that  the  conditions  of  deposition  even  in  beds  that  are 
practically  continuous,  varied  considerably  within  very  short 
limits. 

Along  the  abandoned  channel  of  Lime  creek  (Fig.  11),  in 
sections  34  and  35  of  Lime  Creek  township  and  section  2  of 
Mason  township,  the  beds  as  usual  exhibit  a  series  of  sharp 
folds;  and  in  the  troughs  or  synclines  layers  aggregating  thirty 
or  forty  feet  are  exposed  above  the  horizon  of  the  Stromato- 
pora  reef.  In  these  beds  stromatoporoids  with  laminar  expan- 
sive habit  of  growth  are  very  common,  and  along  certain 
zones  Pdchyphyllum  woodmani  and  Acervularia  vnequalis  occur 
abundantly.  Among  the  stromatoporoids  with  horizontal  lam- 
inar mode  of  growth  are  some  coralla  of  Actinostroma  expan- 
sum.  These  coralla  are,  however,  very  much  smaller  than 
the  gigantic  coralla  of  the  same  species  along  Lime  creek 
near  Rockford,  and  would  seem  to  indicate  growth  under 
less  favorable  conditions.  The  argillaceous,  dolomitic  beds, 
with  casts  of  brachiopods  and  other  fossils,  found  below  the 
Actinostroma  horizon  at  Nora  Springs  and  Rockford,  seem  to 
be  absent  in  the  exposures  near  Mason  City.  The  evidence  of 
local  distribution  of  certain  beds,  of  rapid  thinning  out  of 
others  (Fig.  20),  of  faunas  more  or  less  localized  on  account 
of  rapidly  varying  biotic  conditions  in  the  seas  in  which  the 
beds  were  deposited,  are  everywhere  apparent,  and  constitute 
one  of  the  striking  peculiarities  of  this  most  interesting 
region.  Only  a  very  generalized  section  of  Cedar  Valley 
limestones  of  Cerro  Gordo  and  adjacent  counties  can  be  given, 
for  the  same  bed  varies  in  thickness  and  in  lithological  char- 
acters within  short  distances,  and  there  is  scarcely  a  single 
bed  that  can  be  said  to  be  constant  over  any  considerable 
area.     The  greatest  variations  occur  in  the  beds  above  the 
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Stromatopora  reef  (bed  No.  5  of  the  Kuppinger  quarry  section 
near  Mason  City). 

GENERALIZED  SECTION  OF  CEDAB  VALLEY  LIMESTONES  IN  GEBRO  GORDO  AKI> 

ADJACENT  OOUNTIES. 

FEET. 

7.  Horizon  of  Aciinostroma  expanaum  and  the  variable 
beds  above  it  at  Rockford,  Nora  Springs,  and  in  the 
hillside  north  of  the  abandoned  channel  of  Lime 
creeknear  Mason  City 22 

6.  Argillaceous  and  argillo-dolomitic  beds  with  casts  of 
fossils  in  uppermost  layers;  best  developed  at  sec- 
tion south  of  Nora  Springs;  apparently  absent  at 
Mason  City 21 

5.  Beds  with  laminar  stromatoporoids  and  coralla  of 
Acervularia,  Pachyphyllum  and  a  peculiar  Diphy- 
phyllum;  Diphyphyllum  best  developed  in  Lincoln 
township,  in  which  region  the  bed  contains  Atrjpa 
reticularis;  more  or  less  of  the  beds  dolomitized  at 
different  exposures - -^-     15 

4.  Reef  of  nodular  or  spheroidal  stromatoporas,  equiva- 
lent to  beds  five  and  six  of  the  Kuppinger  quarry 
section.  This  bed  attains  its  greatest  thickness 
east  of  Cerro  Gordo  county,  as  at  Charles  City  and 
Nora  Springs  - 15 

3.  White  or  light  gray,  fine-grained  limestone,  regularly 
bedded,  unfossiliferous,  in  ledges  ranging  to  more 
than  two  feet  in  thickness 14 

2.  Dolomite  more  or  less  pure  and  crystalline;  generally 
in  compact,  regular  beds,  but  very  variable  in 
respect  to  aggregate  thickness  as  well  as  thickness 
and  composition  of  individual  layers 20 

1.  Earthy  dolomite,  including  near  the  top,  at  Parker's 
mill,  a  thin  calcareous  bed,  with  peculiar  stroma- 
toporoids and  Psicbypbyllum  woodmani;  otherwise 
unfossiliferous;  greatest  thickness  exposed  at  Ver- 
milya's  bluff  (Fig.  14) 20 

The  entire  section  of  Cedar  Valley  limestone  in  the  region 
under  discussion  lies  above  the  horizon  of  SpiHfer  parryanus 
and  the  reef  of  Acervularia  davidsoni^  as  seen  near  Waterloo, 
Littleton  and  Iowa  City.  Beds  1,  2  and  3  of  the  above  gen- 
eral section  are  represented  in  Johnson  county,  if  at  all, 
by  more  or  less  fossiliferous  beds  not  exceeding  fifteen  feet 
in  thickness. 
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At  wliat  is  popularly  known  as  the  Hackberry  Grove  clay 
bank,  in  the  northwest  quarter  of  section  35  of  Portland 
township,  the  Cedar  Valley  limestones  are  overlain  by  the 
shales  and  shaly  limestones  of  the  Lime  Creek  stage.  On  the 
right  bank  of  Lime  creek,  in  this  locality,  there  is  an  escarp- 
ment, more  than  seventy  feet  in  height,  composed  of  the  Lime 
Creek  formation  throughout  practically  its  entire  thickness 
(Fig.  21).     In  the  bed  of  the  creek  there  are  some  ledges  of 


It  of  waktberlDg  thU  member  produm  ft  Imrse  numbM  of  cftlcftreooa  aodulei  which 
>iu  skrevn  orer  thu  tklui  alone  tad  concBal,  to  a  I^rge  eitaat,  tha  edsM  of  Iha  blue  uid 
jellow,  irKllU^aooa,  Don-toMlllterona  bsda. 


limestone  of  the  Cedar  Valley  stage,  but  the  shales  come  down 
almost  or  quite  to  the  level  of  the  water,  and  the  talus  of 
shaly  material  obscures  the  line  of  contact  between  the  two 
formations.  The  section  so  far  as  it  can  be  made  out  from 
the  weathered  surface  which,  at  almost  every  point,  has  more 
or  less  of  overwash  from  highef  beds,  is  as  follows. 
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4.  Brown,  yellowish  brown,  and  gray  limestone  in  sev- 
eral layers,  containing  many  of  the  fossil  species 
found  in  the  underlying  shaly  limestone;  upper  bed 
crowded  with  a  very  slender  stemmed  Idiostroma...      4 

3.  Yellowish,  very  calcareous  shales,  with  bands  of  shaly 
limestone;  weathering  partly  into  clay  and  partly 
into  small  chips  or  nodules;  very  rich  in  beautifully 
preserved  fossils,  particularly  brachiopods  and  corals, 
a  number  of  interesting  species  of  stromatoporoids 
being  included  with  the  corals 20 

2.    Yellow  argillaceous  shales,  weathering  as  does  the 
blue  clay  below,  and  free  from  fossils 10 

1.    Bluish,  argillaceous  shales,  weathering  into  a  smooth, 

plastic  clay,  unfossiliferous ..  40 

Along  Owen  creek,  in  section  31  of  Portland  township^ 
there  are  a  number  of  exposures  of  the  same  shales  seen  at 

r 

Hackberry  Grove,    There  are  also  exposures  in  the  road-waj^ 
north  and  south  of  the  point  at  which  this  creek  crosses  the  ' 

east  line  of  section  31.     South  of  the  creek,  near  the  east  side 
of  the  section,  there  is  a  natural  exposure  in  the  rather  steep 
hillside,  which  shows  the  blue  unfossiliferous  shales  near  the 
base,  and  the  calcareous  f ossilif erous  beds  above.     The  form- 
ation seems  to  be,  on  the  whole,  somewhat  thinner  here  than 
at  Hackberry  Grove,  but  the  succession  of  beds  is  the  same  and 
the  fauna  of  the  f  ossilif  erous  stratum  is  identical.    A  road  cut- 
ting on  the  section  line,  a  few  rods  southeast  of  the  exposure, 
reveals  the  calcareous,  fossil-bearing  beds.  At  the  exposure  on 
the  hillside  there  is  evidence  of  a  strong  dip  to  the  west;  in 
the  road  cutting  the  dip  seems  to  be  to  the  south.     The  shales 
here  dip  in  fact  to  the  southwest,  the  southern  component 
being  a  little  more  than  fifty  feet  to  the  mile,  and  the  western 
component  equally  as  great.     Following  up  the  creek  there 
are  outcrops  of  the  shales  at  intervals;  and  owing  to  the  fact 
that  the  valley  slopes  to  the  northeast  while  the  shales  dip  in 
the  opposite  direction,  only  about  half  the  thickness  of  the 
shaly  fossil-bearing  member  of  the  section  rises  above  the 
level  of  the  creek  bed  at  the  first  outcrop  west  of  the  half- 
section  line.     Farther  up,  the  Idiostroma-bearing  limestone — 
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No.  4  of  the  Hackberry  section — appears  nearer  and  nearer 
the  bottom  of  the  valley,  until  finally  at  a  small  quarry  near 
the  west  line  of  the  section,  this  limestone  occurs  in  the  very 
.  bed  of  the  creek  and  forms  the  floor  over  which  the  water 
flows.  A  quarry  opened  in  the  low  bluflf  at  this  point  works 
beds  that  lie  above  the  uppermost  member  of  the  Hackberry 
Grove  section.  The  layers  exposed  by  the  quarry  are  yellow- 
ish in  color,  and  are  made  up  of  magnesian  shales  and  soft 
argillaceous  dolomites.  Only  a  few  of  the  layers  furnish 
building  stone.  Fossils  occur,  but  they  are  all  in  the  form  of 
mere  casts  or  impressions.  So  far  as  they  can  be  identified 
the  fossils  are  the  same  as  species  found  in  the  calcareous 
shaly  layers  below  the  Idiostroma-bearirig  limestone,  and 
therefore  the  beds  exposed  in  the  quarry  must  be  regarded  as 
the  upward  continuation  of  the  Lime  Creek  formation.  The 
thickness  of  the  magnesian  shales  and  argillaceous  dolomites 
at  the  quarry  is  about  thirty  feet.  In  the  talus-like  debris  on 
the  hill  slope  above  the  quarry  there  are  fragments  of  lime- 
stone along  with  specimens  of  a  species  of  Acervularia  not 
before  observed.  There  are  probably  twenty  feet  of  strata 
indicated  above  the  level  of  the  quarry,  and  this  too  may,  for 
the  present,  be  regarded  as  a  .continuation  of  the  same  forma- 
tion. Since  no  Devonian  beds,  known  to  be  higher  in  the 
geologic  column  than  the  Acervularia-bearing  limestone  above 
the  Owen  creek  quarry,  were  seen  at  any  point,  the  strata 
belonging  to  the  Lime  creek  stage  may  be  arranged  as  follows. 

GENERAL  SECTION  OF  LIME  CREEK  SHALES. 

FEET. 

6.    Calcareous  beds,  light  gray  in  color,  containing  a 

hitherto  unnoted  species  of  Acervularia 20 

5.    Magnesian  shales  and    argillaceous    dolomites,  with 
impressions  and  casts  of  fossils  among  which  are 

very  large  individuals  of  Naticopsis  gigantea 30 

4.    Limestone  with  slender  Idiostroma  (No.  4,  of  Hack- 
berry section)  .. - 4 

3.    Fossiliferous  calcareous  shales  (No  3,  ai  Hackberry)..  20 

2.    Yellow,  non-fossiliferous  shales 10 

1.     Blue,  non-fossiliferous  shales 40 
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Nos.  1,  2  and  3  will  hereafter  be  referred  to  as  the  Hack- 
berry  beds  of  the  Lime  creek  formation ;  Nos.  4,  5  and  6  will 
be  called  the  Owen  beds. 

The  blue  shales,  No.  1  of  the  Hackberry  beds,  are  exposed, 
at  a  few  points  in  the  county.     The  best  exposure  is  the  typi- 
cal one  at  Hackberry  Grove.     They  outcrop  at  t'wo  of  the 
exposures  on  opposite  sides  of  Owen  creek,  in  the  east  half 
of  section  31  of  Portland  township.     They  are  ag'ain  seen  at 
the  foot  of  a  low  bluff,  on  the  south  side  of  Willow  creek, 
in  the  southwest  quarter  of  section  5  of  Mason   township. 
They  are  exposed  artificially  in  the  clay  pit  of  the  Mason 
City  Brick  &  Tile  Co.  at  Mason  City.     The  yellow  shales, 
No.  2,  have  abou1?the  same  exposures.     Theshaly,  calcareous 
fossiliferous  division.  No.  3,  is  seen  at  Hackberry  Grove, 
where  the  largest  and  most  important  exposure  occurs.    There 
are  half  a  dozen  or  more  typical  outcrops  along  Owen  creek 
in  the  southwest  comer  of  Portland  township,  and  the  typical 
phase  of  the  same  bed,  rich  in  beautifully  preserved  fossils,  is 
seen  on  a  hillside  in  the  Se.  qr.,  Ne.  i  of  section  24  in  Owen 
towilship.     Roadways,  either  by  natural  erosion  or  artificial 
excavation,  have  been  cut  into  this  stratum  along  both  the 
east  and  west  lines  of  section  32  of  Portland  township,  and 
on  the  county  line,  along  the  east  side  of  section  24  in  Owen. 
The  same  phase  is  found  near  the  southeast  comer  of  the 
county. 

At  least  two  phases  of  the  fossil-bearing  stratum  of  the 
Hackberry  beds  must  be  distinguished.  The  typical  phase  is 
a  calcareous  shale  interstratified  with  shaly  limestone  and 
very  rich  in  fossils.  The  brachiopods  and  corals  are  preserved 
in  remarkable  beauty  and  perfection.  Representatives  of  the 
Mollusca  usually  occur  in  the  form  of  casts.  This  phase  is 
seen  at  Hackberry  Grove,  along  Owen  creek  at  Owen's  Grove, 
and  at  all  outcrops  south  of  the  two  points  mentioned.  As 
this  bed  is  traced  northwest  from  Hackberry  and  Owen's 
Grove,  it  assumes  a  new  phase,  becoming  more  magnesian  and 
preserving  fossils  only  in  the  form  of  impressions  or  imperfect 
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casts.  This  magnesian  phase  is  seen  above  the  blue  shales, 
along  Willow  creek  in  the  western  part  of  section  5  of  Mason 
township.  It  is  exposed  in  the  railway  cut  west  of  the  Chi- 
cago, Milwaukee  &  St.  Paul  depot,  in  Mason  City,  within 
a  few  rods  of  the  point  where  the  yellow  and  blue  unf ossilif- 
erous  shales  are  worked  by  the  Mason  City  Brick  &  Tile 
Co.  It  crops  out  at  a  dozen  points  or  more  in  the  road 
between  Mason  City  and  Clear  Lake,  becoming,  however,  less 
shaly  and  more  dolomitic  toward  the  west.  The  last  expos- 
ure noted  in  this  direction  occurs  near  the  east  line  of  section 
17  in  Lake  township,  about  two  miles  east  of  Clear  Lake. 
The  beds  here  are  a  moderately  firm  and  rather  crystalline 
dolomite  and  have  been  quarried  on  a  small  scale  for  building 
stone.  All  the  fossils,  as  is  quite  usual  in  dolomites,  are 
casts,  but  owing  to  the  greater  firmness  of  the  rock  they  are 
much  better  preserved  than  in  the  more  shaly  portions  near 
Mason  City. 

The  outcrops  of  the  Owen  beds  occur  chiefiy  in  the  south- 
eastern part  of  the  county.  Only  a  few  of  the  more  charac- 
teristic exposures  need  be  mentioned.  That  which  may  serve 
as  the  type,  the  quarry  on  Owen  creek  near  the  west  line  of 
section  31,  Portland  township,  has  already  been  mentioned. 
There  is  another  excellent  exposure  of  the  same  beds,  also 
quarried  for  building  stone,  about  a  mile  and  a  half  southeast 
of  the  Owen  creek  quarry.  At  this  point  (Nw.  qr.  of  Sw.  i 
of  section  5,  Owen  township)  the  rock  is  harder,  and  it  lies  in 
thicker  layers  than  at  the  typical  exposure.  The  level  here 
is  nearly  the  same  as  that  at  which  the  fossiliferous  member 
of  the  Hackberry  beds  occurs  a  little  more  than  a  mile  directly 
north,  at  which  point,  as  already  noted,  the  road  cuts  through 
this  bed,  exposing  nearly  its  entire  thickness  and  revealing  a 
southerly  dip  of  more  than  fifty  feet  to  the  mile.  This  dip 
carries  the  Hackberry  shale  below  the  bottom  of  the  small 
valley  in  the  side  of  which  the  outcrop  in  section  5  of  Owen 
township  occurs.  At  this  last  named  locality  the  quarry  stone 
is  overlain  by  a  light  colored  limestone  containing  the  species 
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of  Acervularia  characteristic  of  this  horizon.     This  limestone 
is  exposed  in  the  road  for  some  distance  south  of  tlie  quarry. 
Owen  beds,  exhibiting  the  yellow  magnesian  phase  overlain 
by  limestone,  are  exposed  on  and  near  the  county  line  in  the 
southeast  quarter  of  section  25  in  Owen  township.      iNorth  of 
Rockwell  they  are  seen  along  the  west  line  of  section  35  of 
Bath  township;   and  in  the  neighborhood  of  Rockr^vell    in 
Geneseo  township,  there  are  outcrops  of  considerable  interest. 
They  afford  here  a  quarry  stone  of  fair  quality,  and  beds  iiave 
been  worked  at  a  number  of  points.     The  typical  fossils  are 
large  casts  of  N^aticopsis  gigantea  H.  and  W. ,  in  the  magfnesian 
beds,  and  Acervularia  (species  undetermined)  in  the  OY&Tlying 
lighter  limestone.     In  the  upper  part  of  the  quarries,  above 
the  dolomitized  beds,  there  are  many  colonies  of  a  thin  lami- 
nar stromatoporoid.     There  is  a  small  quarry  in  section  26 
of  Geneseo  township  and  near  the  southeast  corner  of  section 
36,  on  land  of  Mr.  Bokemeier,  there  are  two  or  three  exposures 
that  have  been  quarried  to  some  extent.     These  exposures 
offer  nothing  especially  new.     The  beds  consist  of  soft,  yel- 
low, magnesian  shales  with  interstratified  beds  of  earthy  dolo- 
mite and  are  overlain  by  limestone.     In  the  magnesian  beds 
casts  of  very  large  individuals  of  the  form  described  by  Hall 
and  Whitfield  as  Naticopsis  gigantea  occur,  as  they  do  at  all 
the  other  exposures  of  beds  belonging  to  this  horizon,  and 
with  them  are  casts  of  Spirifer  whitiuyi  and  some  other  char- 
acteristic brachiopods  of  the  Lime  creek  stage.     A  portion  of 
a  large  Cyrtoceras,  flattened  by  pressure,  was  found  in  the 
loose  material  of  the  quarry,  and  specimens  of  the  large,  gas- 
tropod with  elongated    spire,   that    has    been    erroneously  1 

described*  as  Loxoriema  gigantea^  occur  occasionally.  ( 

\ 

*  Am.  Nat.  vol.  22,  p.  445,  Phila ,  1888    The  forms  described  as  Itoxonema  gigantea,  L,  cnU"  } 

sum  and  L.  owtnensis,  are  not  even  distantly  related,  generlcally,  to  Lozonema.    In  the  ( 

structure  and  composition  of  the  substance  of  the  shell,  the  great  thickness  of  the  shell,  the 
characteristics  of  tne  aperture,  and  the  surf  nee  markluRS,  tliev  belong  with  the  peculiar  form 
called  NaticopnU  gigantea  by  Hall  and  Whitfield;  and  it  is  quite  possible  that  this  group  will 
have  to  be  assembled  uader  a  new  generic  description.  The  proposal  of  anew  name  and  defin- 
ition of  the  genus  is,  however,  ief  o  for  those  who  have  the  requisite  expert  knowledge  and 
who  find  delight  in  such  things. 


FAUNA   OF  LIME  CREEK  SHALES.  167 

FAUNA  OF  LIME  CREEK  SHALES. 

The  fauna  of  the  Lime  creek  shales  is  of  such  general  geo- 
logical interest  as  to  deserve  more  than  a  passing  notice  even 
in  a  work  devoted  chiefly  to  the  economic  side  of  geology.  The 
following  list  of  species  which  might  be  greatly  extended, 
gives  the  more  common  and  conspicuous  forms.  It  will  afford 
some  knowledge  of  the  general  aspect  of  this  most  interesting 
assemblage  of  Devonian  types. 

StromatoporeJla  incraatans  Hall  and  Whitfield. 

S.  solidala  H.  &  W. 

Parmlldopora  planulata  H.  &  W. 

Acerrntaria  inequalis  H.  &  W. 

Cjatbophyllum  solidam  H.  &  W. 

Pachyphyllnm  woodmani  White. 

P.  solitariam  H.  &  W. 

Campopbylktm  nanam  H.  &  W. 

Piychopbyllnm  eUipticam  H.  &  W. 

Strombodes  jobaania  H.  &  W. 

S.  mnliiradiatum  H.  &  W. 

CyatipbyJJum  mundalam  H.  &  W. 

Anlopora  aaxivadam  H.  &  W. 

A  iowtnaia  H.  &  W. 

Alveolitea  rockfordenaia  H.  &  W. 

Crania  fameBca  H.  &  W. 

Stropbeodonta  arcuata  Hall. 

£?.  caJvini  Miller. 

£?.  canace  H.  &  W. 

S.  variabilia  Calvin. 

S.  perplana  var.  nervaaa  Hall  var. 

Stropbonella  reveraa  Hall. 

S.  bybrida  H.  &  W. 

Ortbotbetea  cbemnngtnais  Ck>nrad. 

Productella  ballana  Walcott. 

Ortbia  {Sbixopboria)  impreaaa  Hall. 

Camarotoscbia  coatracta  var.  aaxatilia  Hall. 

Pugaax  ahua  Calvin. 

Pagnax  ambiguna  Calvin. 

Gypidula  comia  Owen. 

Dielaama  calvini  H.  &  W. 

Atrypa  reticalaria  Linmeus. 

Atrypa  aapera  var.  byatrix  Hall  var. 

Spirt fer  wbitneyi  Hall. 

5.  oreatea  H.  &  W. 
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S.  £mbriatua  Conrad. 

S.  BMcbridei  Calvin. 

S.  cjrtin&forattia  H.  &  W. 

£?.  bungerfordi  Hall. 

Crytina,  bamiltooenaia  var.  reetm,  Hall. 

ParacyclaM  sabioi  White. 

Paracyclaa  elliptica  Hall  ? 

Naticopaia  gigantea  H.  &  W. 

Orthoceraa  sp. 

Crytoceraa  sp. 

Ooniatites  sp. 

About  the  only  fish  remains  observed  were  fragments  of 
plates  of  Arthrodires.  The  Goniatites  mentioned  is  repre- 
sented by  a  single  imperfect  specimen  collected  by  Harold  M. 
McLaughlin,  of  Mason  City.  It  indicates  a  species  as  large 
as  G.  iarUm  Hall,  but  differing  from  that  species  in  the  char- 
acter of  the  siphonal  lobe. 

As  shown  in  1878*  the  Lime  creek  fauna  is  more  closely 
related  to  the  fauna  of  the  Independence  shales  than  to  any 
other.  The  following  characteristic  species  are  common  to 
the  two  formations. 

PacbjpbxIIum  aoUtarium  H.  &  W. 

Stropbeodonta  arcuata  Hall. 

£?.  calvim  Miller. 

&  canace  H.  &  W. 

S.  variabilia  Calvin. 

Stropbonella  reveraa  Hall. 

ProductelJa  ballana  Walcott. 

Ortbia  {Scbjzopborta)  impresaa  Hall. 

Pagnax  alius  Calvin. 

P.  ambiguns  Calvin. 

Atrypa  reticularis  Linne.- 

Atrjpa  rspcra  var.  bystrix  Hall  var. 

Cjrrtina  bamUtonensis  var.  rtcta  Hall. 

To  this  list  may  possibly  be  added  Gypidula  comis.  This 
species  is  found  typically  developed  in  the  Wapsipinicon  stage, 
but  in  general  outline  and  expression  it  here  differs  conspic- 
uously from  the  forms  referred  to  this  species  from  the  Lime 
creek  formation.     The  species  does  not  occur  in  the  Cedar 


•  Calvin,  Bull.  U  S.  Qcol  and  Geo,  Sur.  vol.  IV,  pp.  725-730.    Washington*  1878. 
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Valley  limestones.  In  the  Independence  shales,  however, 
there  is  a  small  species,  Gypidvla  murvda  Calvin,  that  differs 
from  the  Lime  Creek  form  chiefly  in  its  smaller  size.  The 
form  referred  to  above  as  Pugnax  alius  is  a  small  acumi^ 
nate  variety  of  Pugnax  pugnu8  Martin;  and  while  this  last 
named  species  occurs  in  the  State  Quarry  beds  of  Johnson 
county,  it  is  there  strikingly  different  from  the  identical  vari-? 
etal  forms  that  occiir  iil  the  two  shaly  formations  under  con* 
sideration. 

A  few  species,  some  of  them,  however,  having  so  wide  a 
range  geologically  and  geographically  as  not  to  be  very  char- 
acteristic, are  common  to  the  Cedar  Valley  limestones  and 
the  overlying  shales.    These  embrace: 

AcerTularia  inequalh  H.  &  W. 
PtLcbyphjllum  woodmMtu  White. 
ProdttctellM  hallmna  Walcott. 
Ortbia  (Sduzopboria)  impressa  Hall. 
Atrypa  nticularsB  Linne. 
SpiriAr  wbitneyi  ^all, 
Spirikr  Smbriatus  Conrad. 
Cjrtiaa  bamUtoneasia  var.  recta  Hall. 

Ac€7*v^alai%a  inequalis  and  Pachyphyllum  woodmani  are  found 
in  a  zone  immediately  beneath  the  Lime  Creek  beds,  and  not 
very  far  outside  the  geographical  area  in  which  the  shales 
are  distributed.  Pi^odnvctella  haUana  and  Spirifer  whitneyi 
have  been  collected,  but  in  very  small  numbers,  in  the  Cedar 
Valley  limestones  near  Iowa  City,  The  others  range  through 
several  life  zones,  and  are  found  distributed  over  large  areas. 
Faunally,  therefore,  the  relations  of  the  Lime  Creek  shales  are 
more  intimate  with  the  Independence  shales  than  with  any 
other  formation  in  Iowa.  During  the  time  represented  by  the 
shales  and  limestones  which  lie  between  the  Independence 
and  the  Lime  Creek  shales  the  peculiar  fauna  of  the  lower 
shale  horizon,  adapted  to  life  on  a  muddy  sea  bottom,  per- 
sisted in  some  congenial  localities  at  present  unknown,  suffer- 
ing in  the  mean  time  only  a  very  slight  amount  of  modification, 
and  again  appeared,  reinforced  by  a  number  of  other  species, 

.  UG.  Rep. 
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when  the  sea  bottom  offered    conditions  favorable    to   its 
success. 

The  fauna  of  the  Owen  beds  is  much  less  prolific  in  species 
than  that  of  the  Hackberry  beds.    The  form  called  JVizticopsis 
gigantea  H.  &  W.  is  apparently  more  common  than    in  the 
imderlying  zone*     With  it,  as  already  noted,  are  associated 
one  or  two  related  species  with  more  elongated  spires.       'Fhere 
are  some  casts  and  impressions  of  brachiopods  and  other  types, 
but  no  particular  species  can  be  said  to  be  common.      A  spe- 
cies of  Acervularia  with  thin  non-corrugated  walls  bounding' 
the  individual  corallites,  and  with  thin  septa,  few  in  number 
and  rather  sparingly  carinated,  occurs  in  limestone  abo.ire  the 
magnesian  beds.     Probably  the  highest  zone  of  the   Ow^en 
beds  is  exposed  along  Beaver  creek,  in  the  southeast  quarter 
of  section  35,  Geneseo  township.     Here  the  rock  is  a  rather 
hard,  brittle  limestone,  resembling  some  phases  of  the  Cedar 
Valley  stage,  and  the  rather  meager  fauna  embraces  some 
stromatoporoids,  a  Cladopora  and  a  rather  small  form    of 
Ati*ypa  reticularis. 

CARBONIFEROUS  SYSTEM. 

KINDERHOOK  STAGE. 

Strata  of  the  Kinderhook  stage  of  the  Lower  Carboniferous 
series  are  exposed  along  Beaver  Dam  creek  in  section  36  of 
Pleasant  Valley  township.  Where  the  county  line  road,  on . 
the  south  side  of  the  section,  crosses  the  creek,  the  Kinder- 
hook  beds  are  composed  of  soft,  shaly ,  magnesian  limestone ; 
but  in  Franklin  county,  a  short  distance  south  of  the  road, 
beds  that  occupy  a  higher  position  are  exposed  in  the  sides 
of  the  valley,  and  these  are  firm  enough  to  afford  quany  stone 
suitable  for  bridge  piers,  foundations  and  other  rough  masonry. 
An  Athyris  resembling  Athyris  proutii  Swallow,  a  Productus 
related  to  P.  punctatus^  and  Orthothetes  sp.  are  the  character- 
istic fossils.  The  next  exposures  east  of  the  Kinderhook  out- 
crops are  the  Devonian  beds  already  noted  on  Beaver  creek. 
The  contact  of  the  Carboniferous  with  the  Devonian  was  not 
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observed,  but  the  line  of  overlap  lies  between  the  two  local- 
ities last  named. 

PLEISTOCENE  SYSTEM. 

There  are  few  good  sections  of  the  Pleistocene  deposits  of 
Cerro  Gordo  county  available  for  study,  but  this  disadvantage 
is  partly  compensated  for  by  the  manner  in  which  the  differ- 
ent formations  of  this  system  are  deployed  and  present 
themselves  at  the  surface  in  different  parts  of  the  county. 
An  area  approximately  equal  to  three-fourths  of  the  county, 
embracing  almost  all  excepting  the  western  tier  of  townships, 
is  occupied,  superficially,  by  lowan  drift,  while  the  townships 
excepted  are  characterized  by  deposits  of  Wisconsin  age.  It 
is  very  probable  that  the  lowan  drift  was  spread  over  the 
entire  area  and  now  underlies  the  Wisconsin  in  the  western 
townships;  and  it  is  also  probable  that  long  before  the  lowan 
glaciers  invaded  the  state,  drift  of  Kansan  age  formed  the 
superficial  deposits  of  this  entire  region.  Here,  however, 
the  Kansan  drift  is  not  well  differentiated  as  a  distinct  sheet 
of  till,  as  it  is  in  Johnson  and  adjacent  counties.  Of  the  sub- 
Aftonian  or  pre-Eansan  drift  there  is  at  present  no  reliable 
evidence. 

KANSAN  DRIFT. 

The  Kansan  drift,  although  not  differentiated  in  actual  sec- 
tions, is  indicated  in  two  ways.  First,  the  preglacial  valley 
of  Lime  creek  is  in  places  from  one  to  three  miles  in  widths 
and  there  is  very  conclusive  evidence  that  it  had  been  nearly 
filled  with  a  considerable  body  of  drift,  and  was  later  partly 
re-excavated,  before  the  lowan  till  was  deposited.  This  evi- 
dence is  given  in  some  detail  in  connection  with  the  discussion 
of  the  genesis  of  the  topography  of  the  Lime  creek  valley. 
Second,  at  many  points  in  the  valley  of  Lime  creek,  and  along 
some  of  the  tributary  streams,  there  are  extensive  deposits  of 
gravel  underlying  drift  of  lowan  age.  This  gravel  is  com- 
posed of  drift  pebbles  mingled  with  more  or  less  of  sand,  and 
it  had  its  origin  in  an  old  drift  sheet  which  preceded  the 
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lowan  age.    The  gravel  beds  may  reasonably  be  correlated 
with  the  Buchanan  gravels,  and  the  drift  sheet  from  ^w^liieh 
they  were  derived  may  in  the  same  way  be  correlated   i^th 
the  Kansan.     At  all  events  Cerro  Gordo  county  was  over- 
spread by  a  sheet  of  till  older  than  the  lowan,  and  the  fsLat 
that  the  Kansan  stage  was  the  time  of  maximum  glaciation 
for  this  continent,  and  that,  during  this  stage,  the  ice  sheet 
was  practically  continuous  over  the  whole  glaciated  area  from 
the  eastern  part  of  Nebraska  and  the  Dakotas  to  the  Atlantic 
ocean,  would  lend  support  to  the  view  that  a  part  at  least,  if 
not  all,  of  this  earlier  drift  belongs  to  the  Kansan  age.     This 
does  not  preclude  the  possibility  of  a  pre-Kansan  or  sub- 
Aftonian  invasion  of  the  region  by  glacial  ice.     Indeed  the 
known    distribution    of    the    pre-Kansan    drift    renders    it 
extremely  probable  that  Cerro  Gordo  county  has  two  sheets 
of  till  older  than  the  lowan. 

BUCHANAN  GRAVELS.  ^ 

The  stage  of  the  Buchanan  gravels*  is  represented  by  I 

extensive  gravel  deposits  in  the  valley  of  Lime  creek,  and  by  * 

similar  deposits   along  Blake  creek   and  other  tributaries. 
The  main  bodies  of  these  gravels  were  deposited  in  the  partly  I 

filled  preglacial  valley  of  Lime  creek.  They  underlie  a  large 
area  on  the  north  side  of  the  stream  in  Lime  Creek  and  Lin- 
coln townships,  occupying  the  level  space  (B.  Fig.  18)  south  | 
of  the  highlands  (c)  which  mark  the  boundary  of  the  pregla- 
cial valley.  Good  exposures  are  seen  at  various  points  north 
of  the  road  near  Lincoln  mills,  in  section  15  of  Lincoln  town- 
ship; and  in  section  10  of  the  same  township  there  is  a  pit, 
worked  for  road  material,  that  shows  above  the  gravel  a  thin 
sheet  of  lowan  till  with  characteristic  granite  bowlders.  Wells 
and  other  excavations  reveal  underlying  gravel  throughout 
the  whole  plain  south  of  the  highlands  already  noted.  Blake 
creek  in  Lime  Creek  township  has  cut  its  valley  through  the 

•The  Buchanan  Qravels.  etc ,  bj  Samuel  Oalvin.  Am.  Qeolo^st,  vol.  XVII,  p.  7ft.  Feb , 
1896.  Journal  of  Geology,  Editorial,  vol.  IV,  p  878.  October-November,  180ft.  Fifth  Annual 
Report  of  the  State  GtooiOgit»t  (this  volume),  p.  18. 
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thin  sheet  of  lowan  till  and  exposed  the  same  gravels  at  vari- 
ous points,  good  outcrops  occurring  north  of  the  center  of  sec- 
tion 16.  The  higher  ground  on  either  side  of  the  shallow 
valley  is,  in  places,  thickly  strewn  with  lowan  bowlders. 

A  rather  sandy  phase  of  the  gravels  is  worked  extensively 
for  ballast  by  the  Chicago,  Milwaukee  &  St.  Paul  railway, 
in  the  southwest  quarter  of  section  2  of  Mason  township. 
There  are  exposures  in  the  northern  part  of  Mason  City  on 
the  west  side  of  Lime  creek,  and  from  one  of  these,  located 
near  the  greenhouse,  workmen  some  time  ago  obtained  the 
horn  of  a  reindeer.  The  gravel  in  the  northern  part  of  the 
city  is  rather  coarse,  but  just  east  of  the  city  the  material  is 
much  finer,  and  the  beds  have  been  worked  for  building  sand. 
The  sand,  however,  contains  more  or  less  of  gravel;  and  near 
the  base  of  the  deposit  there  are  many  large  slabs  dnd  frag- 
ments of  limestone.  Gravel  beds  of  varying  degrees  of  fine- 
ness are  distributed  along  the  valley  of  Lime  creek  through- 
out its  whole  extent  in  Cerro  Gordo  county.  The  old  pre- 
Eansan  valley,  only  partially  filled  with  drift,  seems  to  have 
carried  torrents  of  water  from  the  melting  Eansan  ice.  The 
torrents  were  loaded  with  gravel  and  sand,  and  doubtless 
with  finer  material,  and  the  coarser  fragments  were  deposited 
to  form  the  gravel  beds  above  described.  After  the  Eansan 
ice  had  retreated  beyond  the  limits  of  the  drainage  area  tribu- 
tary to  this  valley,  when  the  stream  had  shrunk  to  the  dimen- 
sions required  to  carry  off  the  normal  precipitation,  and  when 
the  current  was  no  longer  loaded,  erosion  attacked  the  gravel 
beds  and  re-excavated  a  portion  of  the  valley  down  to  the 
level  of  the  plairi  represented  in  profile  at  A,  Figure  18. 

The  beds  of  gravel  and  sand  are  the  only  deposits  seen  in 
the  county  that  can  as  yet  be  referred  to  the  Buchanan  inter- 
glacial  stage,  but  the  abandoned  channel  of  Lime  creek  (Fig. 
11)  represents  a  piece  of  rock  erosion  accomplished  during 
this  interval.  This  channel  is  not  wide  when  compared  with 
the  preglacial  valley  of  the  same  stream,  but,  from  the  sum- 
mits of  the  adjacent  hills  to  the  rocky  floor  that  supports  a 
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heavy  bed  of  peaty  humus  and  lowan  drift,  its  depth  exceeds 
fifty  feet.     As  pointed  out  in  discussing  the  topography  of 
the  county,  the  time  interval  which  the  abandoned  diannel 
represents  was  probably  long  even  as  compared  with  all  post- 
lowan  time. 

lOWAN  DRIFT. 

Drift  of  the  lowan  stage  constitutes  the  surface  materials 
over  almost  three- fourths  of  the  county.     This  drift  sheet 
varies  very  greatly  in  thickness,  for  there  are  areas  in  ^which 
it  seems  to  be  represented  only  by  typical  bowlders  without 
an  appreciable  quantity  of  finer  detritus ;  and  there  are  other 
places  where  its  thickness  may  exceed  a  score  of  feet.     Where 
well  developed  it  presents  the  usual  characteristics  of  a  yel- 
low clay  mixed  with  more  or  less  of  sand  and  gravel,  with 
scarcely  more  signs  of  oxidation  and  f  errugination  at  the  sur- 
face than  at  greater  depths,  its  calcareous  constituent  unaf- 
fected by  leaching,  even  at  the  grass  roots,  and  bearing  bowl- 
ders of  undecayed,  light-colored  granites.      The  bowlders 
often  attain  enormous  size.     Figure  15  illustrates  one  of  the 
great  masses  of  granite  plentifully  sprinkled  over  the  area 
occupied  by  lowan  drift.     Much  larger  blocks,  however,  than  * 
the  one  illustrated  are  sometimes  seen.     One  of  these,  com- 
posed chiefiy  of  large  reddish  crystals  of  feldspar,  protruded 
a  foot  or  two  above  ground  in  Kirk's  addition  to  Mason  City. 
An  effort  was  made  to  remove  it  by  blasting  it  to  pieces ;  but 
after  taking  it  out  to  a  depth  of  twelve  feet,  and  finding  its 
dimensions  increasing  all  the  way  down,  the  effort  was  aban- 
doned.    When  the  work  stopped  the  size  of  the  exposed  sur- 
face was  eighteen  feet  in  length  by  sixteen  feet  in  width. 
The  depth  or  thickness  is  unknown.     A  still  larger  bowlder 
of  ♦ihe  same  kind  of  granite  is  seen  near  the  west  line  of  the 
southwest  quarter  of  section  7,   Portland  township.     The 
dimensions  above  ground  are  twenty-five  feet  in  length,  twenty- 
three  feet  in  width  and  eleven  feet  in  height.     A  smaller  mass 
of  the  same  granitic  species  is  only  a  few  feet  removed  from 
the  larger  one,  and  it  is  possible  that  when  they  started  on 
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their  journey  the  two  constituted  but  a  single  block.  Bowl- 
ders varying  in  size  from  three  to  five,  or  even  eight  feet  in 
diameter  are  very  common. 

The  lowan  drift,  in  this  region,  seems  to  have  been  on  the 
whole  rather  meager  in  amount,  and  it  now  forms  a  thin  sheet 
of  till  conforming  to  the  inequalities  of  the  pre-Iowan  surface. , 
It  is  spread  over  the  uplands  and  higher  plains  of  the  area  in 
which  it  is  distributed ;  it  covers  the  beds  of  gravel  at  a  lower 
level  within  the  limits  of  the  preglacial  valleys;  it  descends 
upon  the  low  plains  adjacent  to  the  streams  in  the  relatively 
narrow  valleys  formed  by  interglacial  erosion;  and  it  partly 
fills  the  abancJoned  interglacial  channel  north  of  Mason  City. 
At  the  Hackberry  exposure  of  Lime  Creek  shales  the  lowan 
drift,  undisturbed  since  it  was  deposited,  covers  a  low  plain 
north  of  the  stream ;  while  south  of  the  stream  it  is  spread 
over  a  plain  more  than  seventy  feet  higher,  which  plain  begins 
at  the  summit  of  the  Hackberry  escarpment.  In  sections  16 
and  17  of  Lake  township,  in  24  of  Mason,  in  24  of  Owen,  and 
at  other  points  in  the  countj'-,  this  drift  sheet  rises  from  low 
plains  or  valleys  to  spread  a  thin  mantle  over  preglacial  ridges 
composed  of  Lime  Creek  shales. 

The  scantiness  of  the  materials  in  the  lowan  drift  is  well 
illustrated  on  the  higher  lands,  in  the  area  underlain  by  beds 
of  the  Lime  Creek  stage.  The  region  south  and  west  of 
Mason  City  is  plentifully  strewn  with  lowan  bowlders,  but  the 
drift  is  so  thin  that  the  soil  through  which  the  farmer  drives 
his  plow  is  in  many  places  made  up  of  decomposed  shales  of 
Devonian  age.  The  same  is  true  of  the  fields  that  extend 
south  from  the  summit  of  the  Hackberry  exposure  in  section 
35  of  Portland  township.  The  lowan  bowlders  are  imbedded 
in  Lime  Creek  shales,  and  the  ordinary  clayey  till  seems  to  be 
almost  entirely  absent.  About  Rockwell  the  Owen  beds  of 
Lime  Creek  age  protrude  at  intervals  through  the  drift  over 
areas  of  considerable  extent,  notwithstanding  the  fact  that 
numerous  bowlders  clearly  testify  that  the  whole  region  was 
once  overrun  by  lowan  glaciers.     It  is  also  true  that  in  the 
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localities  noted  the  materials  of  the  drift  sheets  older  than 
the  lowan  are  equally  scanty. 

WISCONSIN  DRIFT. 

There  are  at  present  no  known  deposits  in  Cerro    Gordo 
county  referable  to  the  interglacial  stage  (Toronto?)  between 
the  lowan  and  the  Wisconsin.     Deposits  piled  up  by  the  Wis- 
consin ice  sheet  are,  however,  conspicuous  features  of  the 
Pleistocene  formations  in  the  western  townships  of  the  county. 
'The  area  has  been  described  in  connection  with  the  subject  of 
topography.     The  deposits  themselves  consist  of  the  ordinary 
materials  that  elsewhere  make  up  the  Altamont  moraine. 
Fine  glacial  clay  predominates,  but  the  clay  contains  some 
sand,  a  great  many  pebbles,  and  a  less  number  of  bowlders 
ranging  from  a  few  inches  to  a  foot  or  two  in  diameter.     The 
clay  is  a  lighter  yellow  than  that  of  the  lowan  drift,  and  it 
contains  a  large  amount  of  calcareous  matter.     The  pebbles 
are  fragments  of  crystalline  rocks  with  which  are  mingled 
a  very  large  proportion  of  pieces  of  limestone.     In  places  the 
limestone  fragments  seem  to  predominate  with  respect  to 
numbers,  and  many  of  them  contain  traces  of  fossils.     The 
bowlders  are,  as  a  rule,  smaller  than  those  scattered  over  the 
lowan  area;  they  are  darker  in  color,  with  a  tendency  to 
bluish  shades;  and  a  large  proportion  of  them  are  intersected 
with  seams  and  veins  of  trap.    The  Wisconsin  drift,  therefore, 
is  readily  distinguished  from  the  lowan  by  its  paler,  more 
calcareous  clay,  its  great  numbers  of  limestone  pebbles,  and 
its  smaller,  darker  colored  bowlders  which  often  are  weath- 
ered into  very  erratic  shapes.     The  irregular  weathering  is 
due  to  the  presence  of  intrusive  veins  which  render  certain 
parts  of  the  individual  bowlders  harder  and  more  resistant 
than  the  rest.     Limestone  pebbles,  which  are  so  common  and 
characteristic  in  the  Wisconsin  drift  are  very  rare  in  the 
lowan. 

The  hills   and  knobs  of  drift  constituting  the  Altamont 
moraine  presented  to  the  first  settlers  of  the  region  the 
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appearance  of  being  made  up  of  gravel.  The  gravel  was, 
however,  limited,  as  tests  have  demonstrated,  to  a  thin 
superficial  layer.  The  whole  body  of  Wisconsin  drift  is  rich 
in  pebbles.  On  the  steep  slopes  of  the  morainic  hills  rain 
erosion,  acting  through  many  centuries,  removed  the  finer 
glacial  clays  and  sands  from  the  surface  stratum  of  drift;  and 
the  pebbles,  too  large  to  be  moved,  were  left  as  a  thin  residual 
layer  over  the  tops  and  sides  of  the  irregular  moranic  bosses 
of  drift. 

JEakm^s  and  valley  traiii%. — ^The  hills  and  bosses  that  char- 
acterize  the  moraine  become  less  pronounced  in  the  southern 
and  southwestern  part  of  Grimes  township.  Indeed  in  the 
southwestern  part  oi  this  township  the  hills  fade  into  the 
level,  characterless  topography  peculiar  to  the  central  areas 
of  Wisconsin  drift.  In  this  level  region,  parts  of  which  are 
still  very  marshy,  are  the  initial  branches  of  the  south  fork 
of  Beaver  Dam  creek  which,  fiowing  southeast,  finally  emerges 
upon  the  area  of  lowan  drift.  The  valley  of  this  creek  seems 
to  have  been  the  chief  outlet  in  Cerro  Gordo  county  for  the 
waters  resulting  from  melting  of  the  Wisconsin  ice.  Accord- 
ingly, near  Thornton,  about  half  a  mile  southwest  of  the 
village,  there  is  a  well  defined  esker  in  the  form  of  a  long 
ridge  of  gravel  resting  on  Wisconsin  drift.  This  gravel,  as 
might  be  inferred  from  its  origin,  contains  a  large  proportion 
of  limestone  pebbles.  The  ridge,  which  is  three-fourths  of  a 
mile  in  length,  trends  a  few  degrees  south  of  east.  It  is  not 
quite  parallel  to  the  present  drainage.  The  course  of  the 
glacial  stream,  to  which  it  owes  its  origin,  was  determined  by 
conditions  affecting  the  margin  of  the  Wisconsin  ice,  and  not 
by  the  conditions  that  determined  the  position  and  course  of 
the  modem  streams. 

In  the  neighborhood  of  Thornton  the  streams  flow  over  beds 
of  the  same  kind  of  gravel  found  in  the  esker.  A  heavy  accu- 
mulation occurs  below  the  village  near  the  point  where  two 
branches  flow  together.  Trains  of  gravel  follow  the  creek 
valley  beyond  the  limit  of  the  moraine,   well  out  into  the 
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region  of  lowan  drift.  The  last  gravel  beds  of  this  age  in 
Cerro  Gordo  county  occur  along  the  south  line  of  section  36, 
Pleasant.  Valley  township,  where  the  stream  passes  into 
Franklin  county. 

POSTGLACIAL  DEPOSITS. 

More  recent  deposits  of  the  Pleistocene  period  are  found  at 
a  number  of  localities,  particularly  in  the  Altamont  moraine. 
Peat  has  accumulated,  and  is  still  accumulating,  in  the  kettle 
holes  and  undrained  basins  of  the  moranic  belt.  The  peat  bed 
marking  the  site  of  an  old  lake  basin,  already  noted  as  one  of 
the  topographic  features  of  section  24  of  Union  township,  and 
adjacent  sections,  affords  a  typical  illuajbration  of  such  depos- 
its. Near  the  southwest  comer  of  section  34  of  the  same 
township,  a  basin  of  some  extent,  filled  with  peaty  material 
mixed  with  rain  wash  from  the  surrounding  hills,  was  dry 
enough  for  cultivation  during  the  past  season.  The  black, 
peaty  soil,  turned  by  the  plow,  abounds  in  shells  of  pond  snails 
belonging  to  the  genera,  Physa,  Limnaea  and  Planorbia,  and  a 
well  dug  at  some  distance  from  the  margin  of  the  basin  reveals 
a  thickness  for  the  deposit  of  six  or.  eight  feet,  and  charged 
with  shells  of  the  same  species  throughout  its  entire  extent. 
It  is  needless,  however,  to  multiply  examples.  Peat  beds, 
complete  or  in  process  of  formation,  occur  in  almost  every 
quarter  section  of  the  broad  belt  covered  by  the  moraine. 
They  are  particularly  numerous  in  portions  of  Union  and 
Grimes  townships. 

The  beds  of  sand  around  the  east  end  of  Clear  Lake  are  a 
product  of  forces  that  have  been  operating  continuously  since 
the  retreat  of  the  Wisconsin  glaciers.  The  sand  is  not  derived 
from  decay  of  siliceous  rocks  in  place,  or  in  the  immediate 
neighborhood,  for  no  such  rocks  are  found  within  some  hun- 
dreds of  miles  of  the  lake.  It  must  be  regarded  as  the  resid- 
uum left  after  removal  of  the  finer  silt  from  a  large  body  of 
glacial  till,  waves  and  meteoric  waters  being  the  agents  of 
such   removal.     The  ridge  of  sand   and  gravel  which  has 
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converted  a  former  part  of  the  lake  into  a  detached  marsh  west 
of  the  Assembly  grounds,  is  a  comparatively  recent  deposit 
due  to  expansion  and  shoreward  creeping  of  lake  ice  during 
the  many  successive  winters  since  the  lake  was  born.  After 
terrestial  vegetation  gained  a  foothold  on  the  ice-heaved 
ridge,  the  further  growth  of  the  deposit  may  have  been  aided 
by  the  effect  of  winds,  for  drifting  dust  and  sand  would  tend 
to  lodge  in  every  spot  that  aflforded  the  requisite  degree  of 
shelteT. 

There  are  no  bodies  of  alluvium  worthy  of  record  along  any 
of  the  streams  of  Cerro  Gordo  county. 

SOILS. 

The  soils  of  Cerro  Gordo  county  are  mostly  of  the  drift 
type.  In  the  area  of  lowan  drift,  the  land  is  comparatively 
level,  and  the  soil  is  a  deep  black  loam,  rich  in  organic  matter, 
and  with  sufficient  admixture  of  sand  to  make  it  warm,  mel- 
low and  easy  of  cultivation.  A  typically  level  stretch  of 
farming  land  occurs  in  the  southwest  part  of  Falls  and  adja- 
cent parts  of  Lime  Creek  and  Portland  townships.  A  farm 
embracing  an  entire  section  may  have  its  surface  so  perfect 
a  plane  that  every  part  of  it  may  be  viewed  from  some  central 
point;  and  every  square  foot  of  such  a  farm  may  be  cultivated. 
Notwithstanding  the  apparent  level,  there  is  no  evidence  that 
these  lands  suffer  from  lack  of  drainage.  There  is  some  slope 
to  the  surface,  and  the  subsoil  is  so  porous  as  readily  to  carry 
off  any  ordinary  excess  of  storm  waters.  Similar  level  areas 
of  exceptionally  rich  farming  lands,  susceptible  of  high  culti- 
vation with  the  least  conceivable  amount  of  labor,  occur  in 
Owen,  Dougherty,  Bath,  Geneseo,  Mount  Vernon,  Pleasant 
Valley  and  other  townships.  Adjacent  to  the  streams  there 
are  lands  with  greater  slopes,  but  nowhere  in  the  lowan  drift 
region  is  there  broken  or  hilly  ground  in  the  usual  accepta- 
tion of  the  term.  Along  many  of  the  streams  the  fields  may 
be  cultivated  practically  to  the  water's  edge  as  is  well  illus- 
trated in  figures  12  and  13. 
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While  the  soils  developed  on  the  lowan  drift  agree  in  cer- 
tain particulars,  there  are  yet  varieties  depending  on  the 
slope  of  the  surface  and  the  composition  of  the  subsoil.  When- 
ever the  drift  attains  any  considerable  thickness,  the  soil  is  a 
black  loam,  usually  somewhat  sandy,  rich  in  humus  and  con- 
taining a  high  percentage  of  calcium  carbonate.  On  the 
highlands  in  the  northwestern  part  of  Lime  Creek  township, 
the  subsoil  is  a  moderately  tenaceous  drift  clay,  but  the 
slopes  of  the  surface  insure  perfect  drainage.  On  the  level 
space  between  the  highlands  and  the  modern  valley  of  Lime 
creek  the  underlying  Buchanan  gravels  furnish  under  drain- 
age of  the  most  perfect  character.  A  somewhat  anamolous  j 
type  of  soil  for  a  glaciated  area  occurs  in  the  regions  of  thin  / 
drift  already  noted,  where  the  drift  materials  are  represented  ^ 
chiefly  by  bowlders,  and  decomposed  shales  of  Lime  Creek 
age  are  stirred  by  the  tools  and  processes  of  agriculture. 
The  spaces  over  which  the  soils  are  simply  decomposed 
shales,  are,  however,  very  small,  for  even  where  the  shales 
are  disturbed  by  cultivation,  there  was  originally  enough  of 
drift  to  contribute  a  very  important  element  to  the  soil. 

In  that  portion  of  the  county  occupied  by  the  Altamont 
moraine,  the  surface  is  generally  broken  and  hilly  as  shown 
in  figure  16.  The  low  ground  is  mostly  wet  and  marshy  in  sea- 
sons of  average  rainfall,  but  the  hills  are  dry  and  easily  cul- 
tivated. The  soil  is  a  rich  loam,  not  so  deep  as  on  some  por- 
tions of  the  lowan  area,  but  richer  in  calcium  carbonate,  and 
even  better  adapted  to  the  cultivation  of  cereals.  In  a  rela- 
tively small  area  around  the  margin  of  Clear  Lake  the  soils 
are  sandy;  and  in  the  extinct  ponds  and  lakes  whose  basins 
have  been  filled  or  drained,  a  rich  peaty  soil,  charged  with 
shells  of  pond  snails,  is  capable  of  supporting  annually  very 
heavy  crops  of  grass. 

There  are  no  poor  soils  in  the  county.  With  the  exception 
of  the  marshy  spaces  in  the  Altamont  moraine,  and  a  few 
low  or  otherwise  unfavorably  located  spots  in  the  region  of 
the  lowan   drift,  everj'  foot  almost  of  the  county  can  be 
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cultivated.  While  the  calcareous  drift  soils  are  especially  well 
adapted  to  the  cultivation  of  cereals  and  grasses,  it  is  still 
true  that  there  are  no  annual  crops  suited  to  this  climate  that 
may  not  be  attempted  with  reasonable  hopes  of  success. 

Deformations. 

There  are  many  small  folds  and  varying  dips  in  the  Cedar 
Valley  limestones  and  in  the  overlying  Lime  Creek  shales,  but 
in  no  case  is  there  evidence  of  deformation  affecting  the  crust 
to  any  considerable  depth.  The  folding  of  the  Cedar  Valley 
limestones  is  most  frequently  observed  along  the  Shell  Rock 
river  between  Plymouth  and  Nora  Springs.  Some  of  the  more 
striking  cases  were  noted  in  connection  with  the  description 
of  the  geological  structure  of  that  region.  The  folds  in  ques- 
tion are  not  parallel  one  to  the  other,  and  cannot  be  said  to 
constitute  a  system.  It  is  not  certain .  that  they  are  due  to 
crushing  or  lateral  pressure.  In  some  cases  at  least,  and 
probably  in  all,  the  apparent  folds  and  local  examples  of  dip 
have  been  caused  by  intercalation  of  lentils,  or  by  rapid 
local  thinning  or  thickening  of  certain  beds,  as  is  well  shown 
in  the  Portland  section  on  Lime  creek,  figure  20. 

The  Lime  Creek  shales  at  Hackberry  Grove  show  some 
undulations,  with  a  slight  general  dip  to  the  southwest;  while, 
three  miles  west  of  Hackberry,  in  section  31  of  Portland  town- 
ship, the  southwesterly  dip,  as  previously  noticed,  exceeds 
fifty  feet  to  the  mile.  This  dip  is  continued  for  only  a  short 
distance,  however,  for  the  Owen  beds  that  appear  at  the  sur- 
face about  one  mile  south  of  the  last  named  locality,  are 
exposed  at  a  number  of  points  in  the  southeastern  quarter  of 
the  county,  and  the  altitude  of  the  several  outcrops  indicates 
that  the  general  inclination  of  the  strata  is  very  slight. 

Unconformities. 

There  are  some  indications  of  unconformity  between  the 
Lime  Creek  shales  and  the  underlying  limestones,  although  it 
must  be  admitted  that  the  evidence  is  not  altogether  conclusive. 
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For  example,  the  limestones  exposed  along  Lime  creek,  bet^ireen 
Portland  and  Haekbeny  Grove,  show^no  beds  higher*  tlian  No. 
5  of  the  general  section  of  the  Cedar  Valley  stage  CP^^?  160), 
and  the  shales  at  Haekbeny  seem  to  rest  on  this  member  of 
the  Cedar  Valley  section.     Combining  the  exposures  at  Rock- 
ford  and  Nora  Springs  in  Floyd  county,  there  are  forty- three 
feet  of  strata,  Nos.  6  and  7,  belonging  to  the  Cedar   Valley 
stage  above  No.  5  of  the  general  section,  and  the  Rockf  ord 
exposures  of  the  Lime  Creek  shales  lie  above  No.  7.    The  strong- 
est indications  of  unconformity  are  found  at  Mason  Citjr,  and 
lie  in  the  fact  that  the  yellow  and  blue  clays  of  Lime  Creek 
age,  worked  by  the  Mason  City  Brick  &  Tile  Co. ,  have  a  tliiek- 
ness  of  forty  feet  as  demonstrated  by  borings.     This  brings 
the  bottom  of  the  deposit  nearly  on  a  level  with  the  water '  in 
Willow  creek  about  half  a  mile  north  of  the  works.     Along 
Willow  creek,  however,  at  the  nearest  point,  there  are  ledges 
of  limestone,  and  the  stromatoporoid  reef  No.  4,  of  the  gen- 
eral Cedar  Valley  section,  lies  at  the  summit  of  the  exposure. 
There  is  no  very  marked  dip  to  the  beds  in  this  locality,  and  so 
the  base  of  the  shales  must  rest  on,  or  very  near  to,  the  upper 
surface  of  the  Stromatopora  reef.    Near  Mason  City  Junction, 
less  than  three-fourths  of  a  mile  east  of  the  brick  and  tile 
works,  beds  belonging  to  No.  5  of  the  Cedar  yalley  section 
are  exposed  at  an  altitude  nearly  on  a  level  with  the  upper 
surface  of  the  shales  in  the  clay  pit.     Along  the  abandoned 
channel  of  Lime  creek,  north  of  Mason  City,  the  equivalents 
of  beds  5,  6  and  7  of  the  general  Cedar  Valley  section  are 
developed  above  the  stromatoporoid  reef,  and  yet  these  beds 
all  seem  to  be  absent  beneath  the  shales  at  the  brick  and  tile 
works. 

Two  possibilities  present  themselves  for  consideration. 
Firsts  the  peculiar  relations  of  the  shales  to  the  underlying 
limestones  may  indicate  an  emergence  of  the  area,  a  period 
erosion,  and  subsequent  subsidence  between  the  Cedar  Valley 
and  Lime  Creek  stages,  and  so  the  phenomena  may  be  due  to 
true  unconformity.     Second^  it  is  possible  that  there  may  have 
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been  rapid  local  thinning  out  of  the  later  beds  of  the  Cedar 
Valley  limestones  in  a  manner  illustrated  by-some  of  the  beds 
in  figure  20,  and  that  there  was  no  erosion  interval  between 
the  two  stages.  The  evidence  at  hand  is  not  sufficient  to  war- 
rant a  statement  as  to  which  view  is  more  probably  correct. 
The  several  Pleistocene  deposits  are  unconformable  on  each 
other  and  on  the  underlying  beds  of  sedimentary  origin. 

ECONOMIC   PRODUCTS. 

Building  Stones. 

Building  stone  is  quarried  at  various  points  throughput  the  , 
county.    The  principal  quarries  are  in  the  Cedar  Valley  and 
Lime  Creek  stages  of  the  Devonian.   Some  quarrying  is  also 
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done  in  the  Kinderhook  beds  of  the  Carboniferous,  within  a 
few  rods  of  the  county  line  in  Franklin  county,  but  none  was 
observed  in  beds  of  this  age  in  Cerro  Gordo.  The  quarries  of 
greatest  value  are  located  near  Mason  City,  and  all  of  these 
work  the  zones  of  whitish  or  grayish  limestone  and  the  granu- 
lar dolomite,  below  the  stromatoporoid  reef. 
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The  Kuppinger  quarry  (Fig,  22)  on  the  east  side  of  Lime 
creek,  in  the  northern  part  of  Mason  City,  furnishes  several 
hundred  cords  of  good  building  stone  annually.    The  section 
of  this  quarry  has  been  already  given.     Beds  2  and  4  of  the 
section  are  available  for  quarry  purposes,  but  the  stone  from 
the  dolomitic  phase,  No.  2,  is  much  more  desirable  than  that 
from  the  overlying  limestones.     The  layers,  as  seen  in  Fig-. 
22,  vary  greatly  in  thickness  and  so  afford  a  wide  range  of 
choice  in  this  particular.     The  thicker  layers  furnish  blocks 
suitable  for  heavy  bridge  piers,  and  the  product  of  the  thin- 
ner layers  is  adapted  to  lighter  structures.     A  boiler  and 
steam  drill  are  the  only  labor-saving  machines  at  present 
employed.     The  quarry  is  worked  intermittently,  and  the 
market  is  local. 

Belding  Stone  Co. — ^The  quarries  of  the  Belding  Stone  Co. 
are  extensive  openings  in  the  bluffs  facing  Lime  creek  in  the 
northwest  quarter  of  section  27,  Lime  Creek  township.     No. 

I  of  the  section  of  this  quarry,  page  150,  is  made  up  of 
eight  layers  of  granular  dolomite  varying  in  color  through 
shades  of  brown,  blue  and  gray.  The  first  layer  is  12  inches 
thick  and  is  used  for  rubble  stone.  Layers  2,  3,  7  and  8  are 
respectively  7,  6,  6  and  8  inches  in  thickness  and  are  taken 
out  in  blocks  suitable  for  walls  laid  in  definite  courses.  No. 
4,  which  is  4  inches  thick,  is  quarried  for  large  slabs  used  in 
street  crossings;  and  Nos.  5  and  6,  the  first  13,  and  the  second 

II  inches  thick,  furnish  material  for  heavy  walls.  Above  the 
*'Blue  cap,"  No.  2  of  the  section,  there  are  dolomitic  beds, 
the  first  of  which  furnishes  stone  for  bridge  piers  or  other 
heavy  structures.  The  second  and  third  are  sufficiently  fine 
in  texture  to  be  used  for  dimension  stone,  being  cut  for  caps, 
sills,  water  tables  and  other  purposes  for  which  cut  stone 
may  be  employed.  The  whitish  fine-grained  limestone  above 
the  dolomite,  Nos.  4  and  5  of  the  section,  is  used  for  a  variety 
of  purposes.  The  quarry  is  equipped  with  a  steam  drill  and 
a  number  of  derricks.  Much  of  the  product  of  this  quarry  is 
shipped  abroad ;  a  wagon  haul  of  half  a  mile,  however,  is  at 
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present  necessary  to  reach  a  shipping  point  on  the  nearest 
railway,  the  Iowa  Central. 

Mason  City  Stone  Co. — The  Mason  City  Stone  Co.  has  exten- 
sive quarries  on  the  west  side  of  Lime  creek  in  the  northwest 
quarter  of  section  34,  Lime  Creek  township.  The  quality  of 
the  stone  is  in  general  the  same  as  that  at  the  quarries 
already  described.  The  dolomitic  phase  has  here  a  thickness 
of  19  feet,  and  the  individual  ledges  vary  from  4  to  22  inches 
in  thickness.  The  dolomite  is  overlain  by  12  feet  of  white  or 
light  grayish  limestone.  The  quarry  furnishes  rubble,  heavy 
footing  stone,  some  dimension  stone,  stone  for  sidewalks  or 
street  crossings,  and  stone  for  range  work.  The  stone  for 
range  work  is  easily  shaped  with  the  hammer.  The  quarries 
of  this  company  have  been  worked  for  fifteen  years.  The 
Iowa  Central  railway  has  lately  built  a  spur  into  the  quarries, 
affording  excellent  facilities  for  loading  and  transportation. 
The  product  is  marketed  chiefly  abroad,  shipments  being 
made  for  long  distances  north,  south  and  west  from  Mason 
City,  into  territories  that  have  no  natural  outcrops  of  indur- 
ated rocks,  or  none  that  furnish  stone  suitable  for  building 
purposes. 

Mason  City  Quarry  Co. — On  the  opposite  side  of  Lime 
creek,  and  a  little  north  of  the  quarries  last  described,  the 
Mason  City  Quarry  Co.  operates  two  or  three  small  quarries. 
The  beds  quarried  are  the  same  as  those  already  noted. 
Teams  and  wagons  afford  the  only  present  means  for  trans- 
porting the  product.  The  market  is  local,  and  the  work  in 
the  quarries  intermittent.  There  are  derricks  for  handling 
the  heavier  blocks,  but  no  other  machinery  apart  from  the 
ordinary  hand  drills  and  other  tools  in  universal  use  in  quar- 
rying. 

OTHER   QUARRIES  IN   CEDAR    VALLEY  LIMESTONE. 

There  are  a  number  of  small  quarries  worked  at  various 
points  in  the  bluffs  of  Lime  creek,  Willow  creek  and  Calmus 
creek.      In  the  aggregate  these  produce  annually  a  large 
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amount  of  stone.    Among  these  may  be  mentioned  the  Peter- 
son quarry  in  the  southeast  quarter  of  section  27,  Lime  Creek 
township;  the  quarries  on  Willow  creek,  on  land  of  O.  T.  Den- 
ison,  east  of  the  crossing  of  the  Iowa  Central  railway;  the 
quarries  on  Calmus  creek,  in  the  northern  part  of  Mason  City; 
the  quarry  at  Portland  and  others  southeast  of  Portland,  in 
Portland  township,  and  a  number  of  small  quarries  in   the 
wfestem  part  of  Lime  Creek  and  the  eastern  part  of  Lin- 
coln townships.     Mention  must  also  be  made  of  several  quar- 
ries that  afford  excellent  stone,  in  the  bluffs  of  the  abandoned 
channel  of  Lime  creek  in  the  northwest  quarter  of  section  34, 
Lime  Creek  township.     There  are  also  quarries  near  Shell 
Rock  Falls,  and  at  points  between  Shell  Rock  Falls  and  Plym- 
outh, in  Falls  township. 

Quarries  in  the  Owen  beds. — The  Owen  beds  of  the  Lime 
Creek  shales  are  quarried  at  the  typical  exposure  in  the 
southwest  quarter  of  section  31,  Portland  township;  in  the 
southwest  quarter  of  section  5  of  Owen  township;  in  section 
12  of  Dougherty,  and  in  sections  3,  4,  10,  26  and  36  of  Gene- 
seo.  The  stone  from  this  horizon  is  usually  a  rather  soft  yellow 
earthy  dolomite,  and  not  of  very  high  grade.  Some  portions 
of  the  quarries  near  Rockwell  show  firmer  and  more  calcare- 
ous layers,  and  some  exposures  in  section  35  of  Geneseo  town- 
ship are  composed  of  beds  of  moderately  pure  granular  lime- 
stone. The  stone  from  quarries  of  the  Owen  beds  is  much 
inferior  to  that  from  the  Cedar  Valley  limestone  near  Mason 
City,  and  while  these  quarries  are  of  very  great  local  value, 
they  are  not  likely  to  become  commercially  important. 

Value  of  quarry  products. — It  is  difficult  to  collect  data 
respecting  the  annual  value  of  the  building  stone  produced  in 
Cerro  Gordo  county.  The  year  1896  was  one  of  unusual 
depression  in  the  building  stone  industry,  but  the  best  infor- 
mation obtainable  indicates  that  the  value  of  the  stone  quar- 
ried in  the  county  during  this  year  does  not  fall  very  much 
short  of  850,000.  In  years  of  prosperity  the  demand  was 
three  times  as  great  as  during   1896.     Were  an  equivalent 
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value  in  gold,  silver  or  coal  produced,  the  importance  of  the 
geological  products  of  the  county  would  receive  readier  recog- 
nition. 

Future  of  the  stone  industry. — The  quarry  industry  of  Cerro 
Gordo  county  is  yet  in  its  infancy.  In  the  first  place  there 
are  numerous  vertical  cliflfs,  as  at  Parker's  mill  (Fig.  19),  that 
form  natural  quarry  faces,  and  are  so  situated  with  respect  to 
stripping  and  facilities  for  disposing  of  refuse,  as  practically 
to  require  no  labor  for  their  development.  At  all  these 
exposures  the  admirable  quality  of  the  stone  with  respect  to 
its  power  of  resisting  the  weather,  is  well  demonstrated.  In 
the  second  place.  Mason  City  is  situated  at  the  border  of  an 
enormous  quarryless  area  whose  supplies  of  building  stone  must 
all  be  imported.  No  situation  could  be  better  chosen  for  com- 
manding the  markets  of  the  great  plains  stretching  away  for 
hundreds  of  miles  to  the  northwest,  west  and  southwest. 
Here  is  an  area  growing  annually  in  wealth  and  population, 
but  an  area  in  which  the  indurated  rocks  are  deeply  buried 
under  a  thick  mantle  of  drift.  The  facility  with  which  stone 
may  be  quarried  along  Lime  creek  and  its  tributaries,  coupled 
with  the  excellence  of  the  product,  should,  therefore,  enable 
Mason' City  to  get  an  ever  increasing  share  of  the  building 
stone  trade  in  the  vast  stoneless  empire  to  which  this  city  is 
practically  the  gateway. 

Lime. 

The  Cedar  Valley  stage  is  capable  of  furnishing  indefinite 
supplies  of  lime-burning  rock,  some  of  which  produces  a  very 
high  grade  of  lime.  At  present,  however,  lime  is  made  on  a 
commercial  scale  at  but  one  point  in  the  county,  namely,  at 
the  lime-kilns  of  A.  T.  Lein  and  brother,  in  Mason  City. '  The 
limestone  is  obtained  from  a  quarry  nearly  one- tenth  of  a 
mile  in  length,  worked  in  the  bluflf  overlooking  Lime  creek. 
The  part  worked  exposes  the  following  section. 
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4.    Indefinitely  stratified  portion  of  the  Stromatopora  reef, 

with  many  laminar  stromatoporoids 3 

3.  Unstratified  part  of  the  reef  with  spheroidal  stromato- 
poroids -- 5 

2.    White  or  grrayish,  fine-grained  limestone 15 

1.    Granular  dolomite 4 

Below  No.  1,  down  to  the  level  of  the  stream,  there  are  ten 
or  fifteen  feet  unexposed,  but  judging  from  neighboring-  out- 
crops the  beds  in  this  part  of  the  bluflf  are  probably  dolomite 
resembling  No.  1  in  quality. 

Tramwaj^s  and  small  cars  afford  means  for  transporting  tlie 
quarried  rock  to  the  kiln.     The  cars  are  carried  to  the  top  of 
the  kiln,  the  kiln  being  charged  from  above.     Coal  is  used  foi* 
fuel,  and  the  burning  is  completed  in  forty-eight  hours  after 
the  process  is  fairly  started.     It  is  estimated  that  three  toixs 
of  coal  make  150  barrels  of  lime.     The  kiln  is  known  as  the 
Champion  draw  kiln  and  was  designed  by  Lein  Brothers.    The 
amount  of  the  product  varies  from  year  to  year  according  to 
the  demand,  but  the  number  of  bushels^made  annually  mounts 
up  into  the  thousands.     The  value  of  the  output  adds  a  very 
important  sum  to  the  total  value  of  the  products  manufac- 
tured from  the  geological  resources  of  the  county.     A  large 
amount  of  the  lime  made  by  A.  T.  Lein  &  Brother  is  shipped 
to  the  quarryless  region  of  deep  drift  west  of  Mason  City. 
During  the  working  season  from  six  to  eight  men  are  con- 
stantly employed.     The  greater  part  of  the  lime  manufac- 
tured at  Mason  City  has  been  made  from  Nos.  2,  3  and  4  of 
the  section  at  the  limekiln.      No.  2  especially  produces  a  fine 
white  lime  that  is  held  in  much  favor  by  many  workmen  for 
the  reason,  among  others,  that  it  slacks  quickly  and  may  be 
got  ready  for  use  in  a  short  time.     It  is  true,  however,  that 
lime  made  from  the  dolomitic  phase,  No.  1,  if  properly  treated 
will  be  found  much  superior  to  that  from  either  No.  2,  3  or  4. 
It  takes  longer  to  slack  the  more  highly  magnesian  lime,  and 
it  should  lie  in  the  mortar  bed  for  a  greater  length  of  time, 
but  the  superior  results  will  more  than  repay  the  additional 
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trouble.  For  shipping  purposes  the  lime  from  the  dolomite 
has  the  great  advantage  of  keeping  for  a  long  time  without 
becoming  air  slacked,  and  if  Mason  City  is  to  command  the 
lime  trade  of  the  vast  area  that  is  hers  by  right  of  geograph- 
ical position,  attention  should  be  given  to  the  manufacture  of 
lime  from  the  dolomitized  beds  below  No.  2.  This  lime  will, 
without  suffering  deterioration,  bear  transportation  for  long 
distances,  and  may  be  kept  in  stock  by  dealers  much  longer 
than  that  from  the  purer  limestone.  Its  property  of  setting 
harder,  and  its  much  greater  power  of  resisting  the  chemical 
action  of  air  and  water  which  causes  mortar  to  crumble  and 
wash  out  of  the  joints  in  exposed  portions  of  walls  should 
commend  the  dolomitic  lime  at  home  as  well  as  abroad. 

Clays. 

The  blue  and  yellow,  non-fossiliferous  clays  at  the  base  of 
the  Lime  Creek  shales  are  widely  distributed  in  Cerro  Gordo 
county  and  furnish  inexhaustible  amounts  of  material  for  use 
in  the  manufacture  of  clay  goods  of  a  great  variety  of  kinds. 
For  some  purposes,  as  the  manufacture  of  common  structural 
brick,  certain  parts  of  the  Iowa  drift  clays  comparatively  free 
from  pebbles,  will  be  found  available.  The  drift  clays  of  the 
Wisconsin  stage  contain  so  many  limestone  pebbles  as  to 
render  them  unfit  for  use  in  the  manufacture  of  any  clay 
products. 

Mdson  City  Bi'ick  and  TiU  Co. — At  present  clay  goods  are 
made  at  only  one  point  in  the  county.  The  Mason  City 
Brick  and  Tile  Co.  have  an  extensive  plant  (Fig.  23)  in  the 
southwestern  part  of  Mason  City.  The  clay  used  comes 
from  the  unf ossilif erous  portion  of  the  Lime  Creek  formation. 
In  the  clay  pit,  which  is  just  north  of  the  factory,  the  beds 
exposed  embrace  twelve  feet  of  blue  shales  overlain  by  twelve 
feet  of  yellow  shales,  with  twelve  to  fifteen  feet  of  blue  shales 
known  to  exist  below  the  bottom  of  the  pit.  The  plant 
embraces  the  main  factory  building;  steam  heated  drying 
sheds;  an  oflBce  building;  six  round,  down-draft  kilns;  two 
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up-draft  kilns;  a  Sioux  City  Corliss  engine  of  125  horse  power; 
two  eighty  horse  power  hoilers;  a  Madden  &  Co.  machine  with 
a  capacity  of  25,000  bricks  daily;  and  the  necessary  hoists,  tail 
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ropes,  tramways,  ears,  pallets,  etc.,  for  handling  the  ware  in 
the  various  stages  of  manufacture.  The  product  of  the  fac- 
tory includes. 

1.  End  cut  structural  brick. 

2.  Hollow  brick  of  the  following  dimeosioos: 

(a)  8x8x12  inchee. 

(b)  4xSj(12  iDcbea. 

(c)  424x12  Inches. 

(d)  4:xSxlO  inches. 

(e)  4x4x10  inches, 
(t)  8x8x8  inches, 
(gl  4x8x8  inches, 
(h)  4x4x8  inchea. 
(i|  4x1x4  inches, 
(k)  21x4x8  inches. 

3.  Agricultural  drain  tile  three  and  oue-half  to  twelve  inches 

in  diameter. 

4.  Sidewalk  tile  2x8x8  inches. 

5.  Window  sills  and  cape. 
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The  clay  burns  to  a  light  red  color.  The  ware  is  very  hard, 
ringing  sharply  under  a  gentle  tap  of  the  hammer,  and  is  so 
compact  as  to  be  practically  non-absorbent  of  water.  Small 
crystals  of  selenite  are  diffused  through  the  clay  and  cause  a 
slight  deposit  of  chalky  looking  powder  on  the  surface  of  the 
ware  in  the  process  of  the  burning.  For  most  of  the  product 
this  in  unobjectionable,  but  wherever  it  is  desired  to  prevent 
its  appearance,  as  in  the  case  of  face  brick,  it  can  be  easily 
remedied  by  mixing  a  small  amount  of  carbonate  of  baa^yta 
with  the  raw  clay.  An  analysis  of  the  blue  clay  in  the  lower 
part  of  the  pit  was  made  by  Prof.  G.  E.  Patrick,  with  the  fol- 
lowing results. 

PBB  OBNT. 

"Hygroscopic  water  (expeUed  at  100®  C.)-— 85 

Ck)mbined  water  (expeUed  by  ignition) 3. 74 

Carbonic  acid,  C  O, 4.80 

Silica,  SiO, 64.64 

Alumina,  Al,  Oa - 14.62 

Iron  oxide  (calculated  as  Fe,  O,) .' 5.69 

Manganese  oxide  (calculated  as  Mn  O) .76 

Lime,  Ca  O 5.16 

Magnesia,  Mg  O , 2.90 

Soda,  Na,  0 1.12 

Potash,  K,0 4  77 

Total 99.05 

Error  in  analysis -*--      .95 

Total 100.00 

The  factory  of  this  company  is  operated  continuously 
throughout  the  year;  twenty-seven  men  are  employed,  and 
the  value  of  the  annual  output  exceeds  $30,000.  The  area  in 
which  the  product  of  the  factory  finds  a  market  has  a  radius 
of  about  200  miles. 

Nelson  brickyard, — Some  years  ago  a  brick  yard  was  oper- 
ated about  a  mile  north  of  Mason  City.  The  clay  used  is  a 
modified  drift  only  about  eight  inches  thick.  This  clay  was 
tempered  in  the  ordinary  pug-mill,  and  the  brick  were  made 
by  hand.  Temporary  kilns  were  used  for  burning.  No  work 
has  been  done    here,  however,  in  recent  years,  and    with 
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deposits.  Most  of  the  springs  seem  to  have  their  origin  in 
the  porous  beds  of  the  Pleistocene,  and  flow  takes  place 
wherever  these  water-bearing  beds,  under  proper  conditions, 
come  to  the  surface.  Owing  to  the  imperfect  surface  drain- 
age  of  the  morainic  area  in  the  western  part  of  the  county, 
the  pebbly  clays  of  Wisconsin  drift  are  saturated  with  water, 
and  abundant  supplies  are  obtained  from  very  shallow  wells. 
Flowing  wells  frequently  result  from  penetrating  these  clays 
to  a  moderate  depth;  and  on  the  somewhat  level  plain  into 
which  the  morainic  knobs  and  ridges  fade  in  the  southwest- 
em  part  of*  Grimes  township,  flowing  wells  are  somewhat 
common.  Clear  Lake  is  probably  fed  almost  exclusively  by 
the  underground  streams  of  this  morainic  belt,  and  the  under- 
ground supply  is  doubtless  largely  due  to  the  fact  that  the 
surface  drainage  is  as  yet  clogged,  imperfect,  undeveloped. 
Any  causes  that  tend  to  facilitate  the  evaporation  or  the 
flow  of  water  from  the  surface  of  the  Wisconsin  drift  area 
and  its  marginal  moraines,  will  diminish  the  volume  of  water 
in  the  lakes  of  the  north-central  part  of  the  state. 

MASON  CITY  DEEP  WELL. 

Water  is  found  at  varying  depths  in  the  indurated  rocks 
below  the  Pleistocene  beds.  The  most  important  supply 
from  this  source  at  present  is  that  from  the  deep  well  at 
Mason  City.  The  section  of  this  well,  copied  from  Norton's 
report*,  is  as  follows. 

THICK-  BLBYA- 

NBSa.  DXPTH.         TIOH  ▲.  T. 

12.  Humus  and  drift 28  28  1,100 

11.  Devonian  and  Silurian 276  304  824 

10.  Maquokete 67  361  767 

9.  Galena-Trenton 406  766  362 

8.  Saint  Peter 106  871  267 

7.  Upper  Oneota 113  984  144 

6.  New  Richmond 60  1,034  94 

6.  Lower  Oneota 146  1,179  -61 

4.  Sa^int  Croix  (Jordan) 70  1 ,249  -121 

3.  Saint  Croix  (Saint  Lawrence).  174  1,423  -295 

2.  Saint  Croix  (Baeal  sandstone).    45  1,468  -340 

1.  Algonkian  (?)  penetrated 6  1,473  -246 


*  Iowa  Geol.  Burr ,  toI.  V I.  p.  lOi.    Des  Moines,  1807. 
16  G.  Bep. 
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The  main  water  supply  in  thia  well  comes  from  Nos.  2-A, 
which  collectively  represent  the  Saint  Ctoix  sandstone-  This 
sandstone  is  the  source  of  the  water  in  nearly  all  the  deep 
wells  of  Iowa.  No.  8  of  the  well  section  is  very  properly 
identified  by  Norton  with  the  Saint  Peter  sandstone.  This 
second  sandstone  marks  one  of  the  moat  peraiatent  and  most 
easily  recognized  of  the  geological  horizons,  and  it  extends 
with  uniform  characteristica  underneath  a  large  portion  of  the 
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state.    The  water  in  the  Mason  City  well  is  excellent  in  qual- 
ity, and  the  supply  is  ample  for  the  present  needs  of  the  city. 

Water  Powers. 

Out  of  a  great  many  possibilities  afforded  by  the  streams  of 
the  county,  water  powers  have  been  improved  and  utilized  at 
only  a  few  points.  On  Lime  creek  the  Lincoln  mills,  in  sec- 
tion 15  of  Lincoln  township,  have  a  head  of -eight  feet;  the 
Kuppinger  mill  (Fig.  24),  in  the  northern  part  of  Mason  City, 
has  about  the  same  bead,  and  the  Portland  mill,  at  Portland, 
has  also  a  fall  of  eight  feet.  The  old  Parker's  mill  at  Mason 
City  is  located  on  WiUow  creek.    On  the  Shell  Rock  river 
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there  are  mills  at  Plymouth,  and  there  is  now  an  unused,  but 
formerly  well  developed  water  power  at  Shell  Rock  Falls. 
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t 

INTRODUCTION. 

LOCATION   AND  AREA. 

Marshall  is  one  of  the  middle  tier  of  counties  and  lies 
between  Tama  and  Story  counties  on  the  east  and  west 
respectively.  The  Iowa  river  makes  a  bold  bend  southward 
nearly  to  the  center  of  the  county,  where  it  turns  abruptly 
eastward,  cleverly  detaching  the  northeast  quarter.  As  in 
the  case  of  most  of  the  inland  counties  of  Iowa,  Marshall 
comprises  a  rectangular  area  of  approximately  five  hundred 
and  seventy-six  (576)  square  miles  and  considerably  more 
than  a  third  of  a  million  acres. 

PREVIOUS  GEOLOGICAL  WORK. 

Considering  the  great  value  of  the  natural  resoiurces  of 
Marshall  county  and  the  varied  and  abundant  fauna  entombed 
in  the  rocks,  the  literature  concerning  the  geology  of  the 
region  is  extremely  meager. 

David  Dale  Owen*  in  his  '^Reconnaissance  of  the  Carbon- 
iferous Rocks  of  Southern  and  Western  Iowa, ' '  was  the  first 
geologist  to  visit  the  county  in  an  oflBcial  capacity.  He 
traversed  the  county  in  the  vicinity  of  the  Iowa  river,  "and 
incidentally  called  attention  to  the  more  salient  geological 
features.  J.  D.  Whitneyt  in  treating  of  the  geology  of  Mar- 
shall and  adjoining  counties  records  the  occurrence  of  coal 
in  Bangor  township,  and  briefiy  describes  a  section  exposed 
ok  Timber  creek  near  the  old  road  leading  from  Marietta 
to  Indiantown,  in  which  he  remarks  the  close  resemblance  of 
the  rocks  to  the  lower  Burlington  limestone  as  exposed  at  its 
typical  locality. 

More  than  a  score  of  years  later  Whitet  described  the 
exposures  near  Le  Grand  and  definitely  refers  the  formation 
to  the  Kinderhook  stage  of  the  Carboniferous  system.  Cer- 
tain quarry  products  are  also  described,  and  in  the  same 

^  Qeologlcal  Burr.  Wiflconsln,  Iowa  and  Minnesota,  p.  101-108.   18BS. 
t  Geology  of  Iowa,  vol.  I,  pp.  287-0.    Albany,  1858. 

t  Qeology  of  Iowa,  toI.  I,  pp.  197-188.    Vol.  II.  pp.  200, 31:^-314  and  810.    Des  Moines,  1870. 
18  G.  Bap. 
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report  Prof.   Rush  Emery*  reports  an    analysis  of   *  ^  Iowa 
marble/'  from  the  Le  Grand  quarries. 

The  crinoidal  remains  so  abundant  in  certain  layers  at 
Quarry  and  Le  Grand  have  received  the, attention  of  tlie  late 
Charles  Wachsmutht  and  his  co-laborer,  Frank  Springier,  of 
Burlin^on,  and  others. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  topographic  features  of  the  county  are  varied.      In 
order  better  to  understand  the  more  general  configuration, 
conceive  a  more  or  less  regular  surface  very  gently  inclined 
to  the  southeast.     Let  there  be  a  slight  depression  in   the 
position  of  the  Iowa  river,  flanked  on  either  side  with  parallel 
ridges,   the  crest    on  one  side  bisecting  Vienna  township 
diagonally,  while  a  line  passing  through  State  Center,  Van 
Cleve  and  Laurel  marks  approximately  the  position  of   the 
other.     Spread  over  the  surface  a  material  which  responds 
readily  to  water  action,  but  holds  with  equal  fidelity  the 
vigorous  carving  of  the  spring  freshet  and  the  most  delicate 
tracery  of  the  summer  shower;  given  these  conditions,  time 
and  the  erosive  agents  are  the  only  requisites  to  account  for 
the  general  physiography  of  the  region. 

The  principal  water  courses  have  wrought  out  well-marked 
flood  plains  bordered  by  the  usually  gently  rising  uplands,  all 
of  which  attest  topographic  maturity.  The  vertical  interval 
between  the  lowlands  and  the  adjoining  uplands  varies  from 
50  to  100  feet,  but  the  altitude  gradually  increases  towards 
the  divides  which  attain  an  elevation  of  more  than  200  feet 
above  the  water  level  in  the  Iowa  river.  Plate  v  shows  the 
cross-section  of  the  general  plain.  The  most  vigorous  land 
forms  occur  in  the  marginal  areas  which  intervene  between 
the  upland  plain  and  the  flood  plains  of  the  greater  streams. 
These  areas,  with  the  flood  plain,  originally  supported  a  lux- 
uriant forest  growth,  but  have  in  large  part  been  dismantled. 

•  Ibid  vol.  ir,  p.  847. 

-^  Geological  Surv.  UlinoU,  vol.  VIII,  pp.  157-206,  and  pis.  zv-ztU,  1890. 
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While  the  whole  county  is  heavily  drift-laden,  yet  the  ter- 
ritory readily  resolves  itself  into  three  distinctive  topographic 
areas  which  are  coincident  in  a  general  way  with  the  areas 
occupied  by  the  Wisconsin,  lowan  and  Kansan  drift  sheets, 
and  will  be  designated  by  the  terms,  drift,  drift-plain  and 
drift-loess  types  respectively.  The  first  type  is  represented 
by  a  wedge-shaped  area  on  the  western  margin  of  the  county, 
whose  apex  is  approximately  at  the  southwest  comer  while  its 
base  spans  little  more  than  three  miles  on  the  north  line. 
The  characteristic  features  of  the  region  are  the  prevalence 
of  depressions,  sloughs  and  ^^ kettle  holes"  and  eminences 
with  kame  and  drumloid  afBnities.  Drainage  is  imperfect  and 
this,  when  taken  in  conjunction  with  the  unique  surface  fea- 
tures, is  indicative  of  topographic  youth. 

The  second  comprises  an  area  of  scarcely  more  than  fifty 
square  miles  in  the  northeast  corner  of  the  county.  Although 
the  lowan  till  sheet  probably  extended  over  a  greater  area  in 
the  county  it  was  not  competent  to  control  the  configuration 
of  the  region  to  the  extreme  limits  of  its  attenuated  margin. 
Away  from  the  larger  streams  this  territory  is  characterized 
by  a  monotonous,  plane  surface  interrupted  by  occasional 
gentle  swells,  and  as  a  rule  it  is  moderately  well  drained, 
while  oftentimes  prairie  sloughs  are  much  in  evidence.  This 
triangular  area  is  a  fragment  of  the  great  drift-plain  which 
extends  northward  far  into  Minnesota  and  comprises  an  area 
of  more  than  seven  thousand  square  miles  in  Iowa. 

The  drift-loess  type  constitutes  more  than  four-fifths  of  the 
surface  of  the  county.  The  topographic  features  are  purely 
erosional  and  the  contours  are  strengthened  by  the  loess  top- 
dressing.  The  upland  is  dissected  by  a  plexus  of  small  streams 
which  gives  the  surface  a  graceful,  billowy  aspect,  very  pleas- 
ing to  the  eye.  Sharp  v-shaped  valleys  and  convex  hills  are 
the  rule  in  the  broken  areas  and  bear  silent  testimony  to  the 
instability  of  the  surface  configuration.  The  larger  streams 
meander  through  broad  valleys  which  are  almost  destitute  of 
salient  topographic  features.     The  divides  are  better  defined 
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than  is  usual  in  this  type  of  topography.  The  head  branches 
of  opposing  drainage  systems  often  interlock,  so  sharply  is 
the  territory  contested. 


TABLE  OF  ELEVATIONS. 


The  following  table  of  altitudes  is  compiled  from  the  profiles 
of  the  different  railroads  which  traverse  the  county. 


STATION. 


Albion «. 

DiUon 

Divide,  Iowa  and  Cedar  rivers 

Divide,  Iowa  river  and  Linn  creek . 

Divide,  Iowa  and  Skunk  rivers 

Dunbar . 

Ferguson  .......... - 

Gilman 

Gladbrook  — - 

Green  Mountain . 

Haverhill - 

Iowa  river,  Chicago  Great  Western  crossing 

Iowa  river,  county  line 

Iowa  river,  Iowa  Central  crossing,  south  of  Albion 

Lamoille - 

Le  Grande - -. - 

Linn  creek,  Great  Western  crossing  southwest  of 
of  Marshalltown 

Linn  creek,  Great  Western  crossing  east  of  Marshall- 
town. -. 

Laurel 

Liscomb 

Duray 

Marshalltown 

Marshalltown 

Malta 

Melbourne 

Melbourne  crossing,  Chicago,  Milwaukee  &  St.  Paul  j 
railway - i 

Nicholson  creek 

Pickering S 

Quarry 

Rhodes - 

Rockton - 

State  Center 

State  Center  Junction. 

Timber  creek,  Iowa  Central  crossing 

Timber  creek,  Chicago  &  North- Western  crossing... 
Van  Cleve — — .. 


937 
976 

1054 
952 

1116 
878 
909 

1090 
954 

1000 

1023 
865 
926 
895 
940 
940 

905 

875 

1040 

950 

885 

890 

900 

1062 

1045 

1060 

1033 

896 

987 

1025 

885 

1015 

880 

1073 

1051 

874 

855 

1064 


AUTHORITY. 


I.  O.  Ry. 

I.  C.  Ry. 

C.  G.  W.  Ry. 

I.  C.  Ry. 

C.  &  N.-W.  Ry. 

C,  M.  &  St.  P.  Ry. 
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C.  &  N.-W.  Ry. 

I.  C.  Ry. 

C  G.  W.  Ry. 

I.  C.  Ry. 

C.  G.  W.  Ry. 

C.  G.  W.  Ry. 

C,  M.  &  St.  P.  Ry. 

C.  G.  W.  Ry. 

C,  M.  &  St.  P.  Ry. 

I.  C.  Ry. 

C.  &  N.-W.  Ry. 

C,  M.  &  St  P.  Ry. 

C.  G.  W.  Ry. 

C.  &  N.-W.  Ry. 

C,  M.  &St.  P.  Ry. 

I.  C.  Ry. 

C.  &  N.-W.  Ry. 

LC.  Ry. 
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DRAINAGE. 

Marshall  county  is  well  watered  and  for  the  most  part  is 
also  well  drained.  The  annual  rainfall  averages  about  thirty 
inches  per  annum,  of  which  less  than  one-third  is  gathered 
up  into  the  streams  and  carried  to  the  gulf.  Five-sixths  of 
the  annual  "run-off"  finds  a  convenient  outlet  through  the 
Iowa  and  its  tributaries,  while  small  triangular  areas  in  the 
southwest  and  northeast  comers  contribute  their  surplus 
waters  to  representatives  of  the  Skunk  and  Cedar  river  sys- 
tems respectively. 

Iowa  river  system. — The  Iowa  river  is  the  master  stream  in 
the  system  and  in  large  measure  establishes  the  grade  for  its 
numerous  tributaries.    It  meanders  through  a  broad  alluvial 


Fig  ^    Le  Qrand  gorge. 

valley  which  averages  from  one  to  two  miles  in  width.  The 
river  crosses  the  Kinder  hook  escarpment  at  two  points;  near 
its  entrance  into  and  exit  from  the  county.  At  the  latter 
place  the  river  flows  through  a  gorge  scarcely  a  quarter  of  a 
mile  in  width.  The  present  stream  occupies  a  channel  but 
little  below  the  general  level  of  the  bottom  land  and  exten- 
sive reaches  of  territory  are  subject  to  periodic  inundation. 
Deserted  channels  are  everywhere  in  evidence,  and  north- 
west of  Marshalltown  sand  flats  are  common  features  of  the 
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flood  plain.  The  Iowa  river  has  long  since  passed  its  ado- 
lescent stage,  has  reached  maturity  and  is  now  approaching 
old  age.  The  stream  is  not  corrading  its  channel  at  any- 
place. Excavations  for  bridge  piers  and  abutments  show 
that  the  country  rock  lies  ten  to  fifteen  feet  below  the  pres- 
ent stream  bed.  At  the  Marshalltown  waterworks  there  is 
an  apparent  exception  to  this.  The  river  impinges  strongly 
upon  the  south  bank,  and  the  country  rock  is  close  to  the  sur- 
face in  the  bed  of  the  stream.  Excavations  for  the  water 
galleries  on  the  north  flank  of  the  flood  plain  reveal  the  fact 
that  the  old  rock  bottom  slopes  away  from  the  present  posi- 
tion of  the  channel. 

The  Iowa  drainage  system  is  of  the  asymmetric  type  with 
the  greater  tributaries  coming  from  south  and  west  as  are 
the  Skunk  and  Des  Moines  rivers  in  central  Iowa.  Rock, 
Burnett  and  Asher  creeks  are  the  principal  tributaries 
received  from  the  north;  while  Timber,  Linn,  Minerva  and 
Honey  creeks  are  the  more  important  branches  received  from 
the  south  and  west.  All  of  these  have  much  the  same  gen- 
eral characters  as  does  the  greater  stream.  All  are  long  in 
proportion  to  their  volume,  and  all  are  characterized  by 
drainage  basins  which  are  relatively  narrow  in  proportion  to 
their  length. 

The  tributaries  from  the  north  are  relatively  of  much  less 
importance  than  those  from  the  south.  They  have  narrow 
flood  plains  or  none  at  all,  and  Have  deposited  but  little 
alluvium  save  in  their  lower  courses.  Asher  creek  is  the  larg- 
est and  drains  an  area  of  about  fifty-four  square  miles.  Each 
has.  cut  through  the  drift  at  certain  points  exposing  the  upper 
member  of  the  Kinderhook  beds. 

Timber  creek,  which  enters  the  Iowa  from  the  south  near 
Quarry,  collects  the  water  from  an  area  of  130  square  miles. 
It  comprises  three  principal  branches  which  are  named 
according  to  their  geographic  positions — North,  Middle  and 
South  Timber  creeks.  North  Timber  flows  almost  due  east, 
and  is  much  the  longest  member,  while  the  south  branch 
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flows  north  and  comprises  the  greatest  drainage  basin.  All 
have  narrow,  but  well  marked  flood  plains,  which  follow  well 
up  far  towards  their  sources. 

The  drainage  basin  of  Linn  creek  is  the  narrowest  in 
proportion  to  length  of  any  in  the  county.  The  proportion 
of  length  to  breadth  is  about  six  to  one,  and  the  valley  com- 
prises an  area  of  about  seventy  square  miles.  Its  course  is 
almost  exactly  parallel  to  the  North  Timber  creek,  but  it  has 
not  progressed  as  far  in  valley  forming  as  the  latter.  The 
most  rugged  topography  in  the  county  is  found  in  the  territory 
traversed  by  Linn  and  the  Timber  creeks. 

Minerva  creek  has  its  source  in  Hardin  and  Story  counties. 
It  pursues  a  tortuous  course  in  a  southeasterly  to  easterly 
direction,  and  enters  the  Iowa  a  little  north  of  west  of  the 
town  of  Albion.  The  head  waters  of  this  stream  arise  in  the 
area  of  the  Wisconsin  drift,  and  drain  more  than  two-thirds 
of  the  region  covered  by  this  till  sheet  in  the  county.  The 
lower  course  of  the  Minerva  has  a  flood  plain  which,  consid- 
ering the  volume  of  the  stream,  is  quite  broad.  It  has 
numerous  small  branches;  but  where  its  tributaries  leave  the 
Wisconsin,  the  valleys  are  sharply  constricted.  In  the  upper 
reaches  little  or  no  alluvium  has  been  deposited,  and  there  is 
a  dearth  of  minor  streamlets. 

Honey  creek  has  done  an  immense  amount  of  work  in  the 
way  of  valley  cutting,  which  as  in  the  case  of  the  Minerva,  is 
out  of  all  proportion  to  the  size  of  the  present  stream.  It  has 
cut  through  the  drift  and  exposes  the  coal  measure  shales  and 
Lower  Carboniferous  limestone  near  Bangor.  Mud  creek,  a 
prairie  stream  through  the  greater  part  of  its  course,  and 
without  the  usual  accompaniment  of  alluvial  bottom  land,  is 
the  principal  tributary  of  Honey  creek — the  two  streams 
joining  just  as  they  enter  the  flood  plain  of  the  Iowa. 

Age  of  the  Iowa  system. — ^The  Iowa  system  bears  the  impress 
of  age ;  of  advanced  maturity.  The  original  topography  of  the 
county  did  not  depart  far,  perhaps,  from  that  of  a  plain  and 
the   present  configuration  is  due  almost  wholly  to  erosive 
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forces.  The  limiting  divides  average  about  two  hundred  feet 
higher  than  the  Iowa  flood  plain.  The  down  cutting  alone 
would  require  thousands  of  years,  while  the  true  enormity 
of  the  task  and  the  vast  lapse  of  time  can  only  be  realized 
when  it  is  considered  that  the  river  valley  averages  from  one 
to  two  miles  in  width.  SuflBcient  data  are  not  at  hand  defl- 
nitely  to  determine  the  age  of  the  system;  but,  considering 
the  broad  valleys  of  the  Iowa  and  its  principal  tributaries, 
and  the  fact  that  the  Kansan  drift,  apparently  undisturbed, 
follows  down  the  hillsides  at  least  to  the  level  of  the  flood 
plain,  much  lower  than  the  outcroppings  of  the  country  rock 
as  in  the  vicinity  of  Quarry,  Le  Grand  and  Timber  creeks,  it 
may  tentatively  be  stated  that  the  system,  in  part  at  least,  is 
pre-glacial.  The  profoundly  glaciated  surface  exposures  at 
Le  Grand,  Timber  creek  and  Linn  creek,  all  located  on  the 
south  flank  of  the  present  stream  valleys,  may  also  be  admit- 
ted as  evidence  of  preglacial  depressions  in  the  direction  from 
which  the  ice  came.  It  seems  probable  that  the  Iowa  river, 
from  Le  Grand  to  the  mouth  of  Honey  creek  at  least,  the 
lower  courses  of  Timber,  Minerva,  Honey  and  perhaps  Linn 
creeks  have  sought  out  and  partially  reopened  their  old 
channels.  The  minor  streams  and  the  upper  courses  of  the 
larger  tributaries  are  doubtless  usually  superimposed  upon 
the  glacial  deposits  and  are  independent  of  preglacial  con- 
figuration. In  terms  of  stream  development  the  Iowa  has 
passed  its  zenith  and  old  age  is  slowly  but  surely  coming  on 
unless  str^m  action  be  reinvigorated  by  deformation  and 
uplift  of  the  region.  The  surface  inequalities  have  long 
since  reached  their  maximum  and  the  hills  are  slowly  melting 
away  to  fill  the  valleys.  The  melting  snows  and  summer 
showers  humble  the  one  that  they  may  contribute  to  the 
upbuilding  of  the  other.  Man  himself  is  a  potent  factor  in 
this  leveling  process.  The  old  settler  can  well  remember  the 
time  when  the  waters  of  our  streams  were  untarnished  at 
the  spring  freshets  or  summer  floods  save  by  the  crystal 
amber  from  our  virgin  prairies.    'At  the  present  time  after 
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such  periods  the  streams  flow  liquid  mud.  The  prairie  grasses 
and  forest  trees  w6re  conservators  of  moisture  and  firmly 
held  the  soil  in  place.  The  processes  of  agriculture  in  sub- 
duing the  prairies  and  denuding  the  forest  areas  have 
increased  the  **run-off"  and  rendered  the  soil  easily  eroded. 
Culture  has  stimulated  the  small  streamlets  to  a  new  cycle  of 
cutting,  as  is  evidenced  by  gullied  fields  and  roadsides.  Some 
of  these  cuttings  are  more  than  ten  feet  in  depth. 

Skunk  river  system. — A  triangular  area  in  the  southwestern 
part  of  the  county  drains  through  tributaries  of  the  Skunk 
river.  The  hypotenuse  of  the  triangle  is  approximately  fol- 
lowed by  the  State  Center  branch  of  the  Iowa  Central  railway 
and  its  area  is  about  ninety  square  miles.  The  principal  rep- 
resentatives of  the  system  are  Clear  creek,  North  Skunk 
river  and  Snipe  creek.  All  flow  approximately  at  right  angles 
to  the  general  slope  of  the  county.  Clear  creek  and  the 
Skunk  river  are  wooded  streams,  while  the  Snipe  is  timber- 
less.  Clear  creek  has  more  deeply  incised  the  region  through 
which  it  flows  than  its  co-workers,  but  none  of  them  have 
done  much  in  the  way  of  valley  formation.  The  valley  of 
Snipe  creek  is  boggy  in  character  and  suggests  the  fitness  of 
its  name. 

The  Cedar  river  system  is  feebly  represented  in  the  north- 
east corner  of  the  county.  The  drainage  from  about  two 
square  miles  takes  this  route  to  the  ' '  father  of  waters. ' ' 

TERRACES. 

stream  terraces  are  doubtfully  represented  in  Marshall 
county.  Timber  creek,  on  sections  8  and  17  in  Le  Grand 
township,  is  accompanied  by  a  low  shelf  fifteen  to  twenty 
feet  above  the  flood  plain  in  the  streams.  This  bench  can 
be  identified  at  several  other  points  in  the  various  branches 
of  this  stream  and  is  the  nearest  approach  to  a  terrace  found 
in  the  region. 

Minerva  creek,  in  Liberty  township,  sections  22  and  27,  is 
apparently  terraced.     The  bench  is  eight  to  ten  feet  above 
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the  flood  plain  and  is  composed  of  Wisconsin  drift.  Sere  is 
the  semblance  of  an  old  valley  partially  filled  by  tlie  Wiscon- 
sin ice,  and  the  present  narrow  flood  plain  represents  tJie  cut- 
ting since  the  retreat  of  the  last  ice  sheet. 

STRATIGRAPHY. 
General  Relations  of  Strata. 

The  geologic  history  of  Marshall  county  is  recorded  in 
strata  which  belong  to  two  distinct  series  separated  by  an 
enormous  time  break.  A  feeble  realization  of  the  immensity 
of  the  interval  which  elapsed  after  the  completion  of  the  first 
chapter  and  before  the  commencement  of  the  last,  can  only 
be  gained  when  we  catch  occasional  glimpses  of  profoundly 
eroded  areas  and  base-leveled  plains. 

The  underlying  stratified  rocks  belong  to  the  Carboniferous 
system.  Lying  unconformably  upon  these  is  a  thick  mantle 
of  Pleistocene  deposits  which  effectually  conceal  the  older 
rocks,  save  along  some  of  the  larger  streams.  The  forma- 
tions present  are  tabulated  below. 

OliASSIFICATION  OP  FORMATIONS. 


GROUP. 

SYSTEM. 

SERl  K.S. 

STAGE. 

SUB-STAGE. 

Pleistocene. 

Recent. 

Alluvial. 

Glacial. 

Wisconsin. 

Fourth  till. 

lowan. 

Loess. 
Third  till. 

Cenozoic. 

Buchanan. 

Kansan. 

Second  till. 

Aftonian. 

Albion  grav' 
els. 

Sub-Aftonian? 

First  till. 

MARSHALLTOWN  DEEP  WELL. 
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GROUP. 

SYSTEM. 

SERIES. 

STAGE. 

SUB-STAGE. 

Carboniferous. 

Upper,  or  Pennsyl- 
vanian. 

Des  Moines. 

Lower,  or  Mississip- 
pian. 

St.  Louis. 

Paleozoic. 

Augusta. 

- 

Kinderhook. 

Marshallt'wn 

shales. 
Le  Grand 

beds. 
Hannibal 

shales  ? 

The  Lower  Carboniferous  forms  an  unbroken  platform  upon 
which  all  of  the  later  deposits  rest.  The  coal  measures  par- 
tially overlap  this  formation  and  comprise  about  one-half  the 
area  of  the  county.  While  the  present  surface  slopes  gently 
to  the  southeast,  the  underlying  stratified  rocks  are  inclined 
to  the  southwest  or  at  right-angles  to  the  general  surface 
inclination.  The  average  dip  of  the  strata  is  about  fifteen 
feet  per  mile  in  the  eastern  portion  of  the  county,  but  the 
beds  become  almost  perfectly  flat  to  the  westward. 

The  deeper  strata  have  only  been  explored  at  one  point, — 
Marshalltown.  The  following  is  the  sequence  of  strata  passed 
through  in  sinking  the  deep  well  near  the  city  water  works. 
The  record*  is  based  on  sample  drillings  saved  by  Dr.  W.  S. 
McBride  of  Marshalltown. 

THI0KN1I88.  DIPTH. 

13.    Limestone,  light  gray  in  fine  sand,  with 

many  angxilar  fragments  of  limpid  quartz 

at  68  feet 70 

12.    Limestone,  light  yellow,  compact,  earthy 

luster,  three  samples 45  115 

11.    Limestone,  brown,  crystalline,  cherty,  at 

115 30  146 

*  Prof.  W.  H.  Norton  kindly  lOAnefl  to  the  writer  his  manascrlpt  on  the  Marshalltown  well, 
and  from  it  the  recorded  descriptions  and  interpretations  are  taken  almost  verbatim. 
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10.  Shale,  soft,  light  green,  calcareous... ....175  Z20 

9.    Limestone  (?)  no  samples 146  405 

8.    Limestone,  hard,  brown;  gray  and  brown 

crystalline,  rapid  effervescence,  samples 

at  465  and  660 155  620 

7.    Dolomite,  yellow,  gypseous  and  cherty 55  675 

6.    Limestone,  magnesian,  brown,  samples  at 

675,  690  and  700,  cherty  at  675 95  770 

5.    Dolomite,  cherty  and  gypseous;  drillings 

consist  mostly  of  white  and  translucent 

chert 30  800 

4.    Chert,  white  and  translucent;  samples  at 

800 76  (?)        875 

3.    Limestone,  rapid  effervescence;  drillings 

consist  almost  wholly  of  chert  with  some 

gypsum,  samples  at  875  and  900 15  915 

2.    Dolomite,    white   in   powder,  with   some 

chert  and  gypsum 10  925 

1.    Shale,  blue  and  g^een-gray,  non-calcareous 

in  samples,  925  to  bottom  of  boring  at.  95  1,020 

SUMMARY. 

THIOKHBSS     DBPTH 
NO.  FORMATION.  — FBBT.        — FBBT. 

11,  12,  13.    Mississippian  (Kinderhook  limestone)  146  145 

10.  Kinderhook  (Shales) 175  320 

8,9.  Devonian 300  620 

2-7.  Silurian 305  925 

1.  Maquoketa  penetrated 95  1,020 

The  sub-crystalline  gray  limestone  and  the  buflf  magnesian 
limestone  which  attain  such  prominence  in  the  exposures 
near  Le  Grand  can  be  recognized  as  Nos.  13  and  10  respect- 
ively in  the  above  section;  but  no  trace  of  the  equally  promi- 
nent oolite  and  blue  sandstone  is  to  be  found  in  the  drill- 
ings. The  whole  assemblage  of  limestones  above  the  green 
shale  undoubtedly  belong  to  the  Kinderhook,  while  the  taxo- 
nomic  relations  of  the  shale  itself  are  not  so  clear.  For  the 
present,  perhaps,  it  is  best  to  follow  Professor  Norton  and  pro- 
visionally treat  the  formation  as  belonging  to  the  Kinder- 
hook, although  latter  developments  may  show  it  to  be  in  part  j 
Devonian.  Mr.  C.  N.  Hutson,  well  driller,  reports  260  feet  of 
shale  penetrated  in  sinking  a  well  at  the  glucose  works  in  the 
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south  part  of  town.  This  heavy  bed  of  shale  does  not  outcrop 
any  place  in  the  county,  nor,  so  far  as  knowfi,  any  place  in 
central  Iowa,  but  its  stratigraphic  position  seems  to  be  the 
same  as  the  thick  shales  encountered  in  the  deep  wells  at 
Ottumwa  and  Sigourney*  and  the  blue  shale  which  outcrops 
at  the  base  of  the  bluffs  along  the  Mississippi  river  at  Bur- 

ington.t 

The  section  ends  in  the  Maquoketa  shales  which  forms  a 
well  defined  terrain  throughout  central  Iowa,  which  may  be 
taken  as  a  standard  of  reference  to  determine  the  general  dip 
of  the  deeper  strata  for  this  region.  At  Ackley  and  Cedar 
RapidsJ  this  formation  is  reached  at  about  400  and  300  feet 
respectively  above  sea  level.  At  Marshalltown  the  top  of  the 
shale  is  fifty  feet  below  tide,  while  at  Ames  the  shale  rises 
more  than  100  feet  above  sea  level. 

Standard  Sections. 

The  best  exposures  are  found  in  the  vicinity  of  Quarry  and 
Le  Grand  along  the  Iowa  river.  The  Le  Grand  Quarry  Co.  in 
the  development  of  their  property  have  laid  open  to  inspec- 
tion sections  which  aggregate  nearly  two  miles  in  length  and 
nearly  one  hundred  feet  in  vertical  thickness.  Other  sections 
of  less  importance  may  be  observed  where  the  smaller  streams 
cross  the  Kinderhook  escarpment,  as,  for  example,  on  Timber, 
Linn  and  Honey  creeks,  and  near  the  towns  of  Albion  and 
Bangor. 

The  following  sequence  of  beds  may  be  observed  at  the 
East  quarries  near  Le  Grand. 

SECTION  I. 

raXT.  INGHB8. 

18.    Loess,  interstratified  sands  and  silts  below..  16 

17.  Bowlder  clay  oxidized  a  deep  brown  and  con- 
taining bowlders  much  decayed 6-10 

16.    Limestone,  sub-crystalline,  pebbly 3 

15.    051ite,  fine-grained,  with  many  brecciated 

grains — .- 4 

*  Geology  of  Iowa,  vol.  Ill,  pp.  803-205,  pi.  xylli,  ltS93. 
t  Geology  of  Iowa,  vol.  I,  pp.  108-193, 1870. 

*  Geology  of  Iowa,  VoL  III,  pp.  180-19S  and  105-197.    1803. 
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14.    Limfstoii6|  gray,  slightly  oOlitic • ..    2  6 

13.    Limestone,  gray  above,  and  yellow  below...    2 
12.    Limestone,  buff,  magnesian,  rather  heavily 

bedded,  bisected  by  chert  band  about  four 

feet  from  the  base 9 

11.    Limestone,    mixed    gray,   blue    and    buff, 

breaks  very  irregularly  ("  Brindle"  of  the 

quarrymen) . 3  6 

10.    Chert 4 

9.    Limestone,  soft,  yellow,  in  thin  layers  and 

arenaceous;  earthy  in  places 2  6  | 

8.    Chert '  4 

7.    Limestone,  blue,  variegated  to  yellow-brown    6 

6.    Chert 3 

5.    Fossil-breccia  with  lenses  of  crystal  cfdcite  .    1  i 

4.    Limestone,  buff,  magnesian,  fine  even  tex-  ' 

ture   and    massive;    cherty,   concretions 

scattered  promiscuously  throughout.   One 

quitepersistent  band  of  chert  about  four 

feet  from  the  base 12 

3.    Limestone,  blue,  variegated  to  brown,  hard, 

conchoidal  fracture,  and  in  heavy  layers.    3  6 

2.    OSlite,  in  layers,  14,  12,  8,  9,  6,  36,  26,  24  and 

42  inches  in  thickness 15 

1.    Sandstone,  fine-grained,  blue,  calciferous,  in 

I)art  shaly  (exposed) 10 

No.  1  in  the  above  section  is  exposed  in  the  quarry  north 
of  the  river  and  appears  at  no  other  point  in  the  county.  The 
dip  is  about  four  degrees  to  the  southwest,  and  this,  with  the 

* 

slope  of  the  stream,  soon  carries  the  beds  below  the  surface. 
Near  Indian  town,  in  Tama  county,  the  base  of  the  oolite  lies 
more  than  twenty  feet  above  the  water  level,  while  at  the 
west  quarry  both  oolite  and  sandstone  have  passed  below  the 
bed  of  the  river,  and  No.  16  has  a  thickness  of  about  twelve 
feet.  The  upper  layers  at  Le  Grand  probably  form  the  base 
of  the  section  at  Marshalltown.  At  the  latter  place  the  fol- 
lowing series,  which  consist  principally  of  shales,  may  be  seen 
near  the  Woodbury  flouring  mills. 
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SECTION  U. 

7.    LoesB,  Bandy 2 

6.    Clays,  and  Bands  with  Bome  bowlders,  varieg^ated;  highly 

oxidized  in  BtireakB ......_',„•..,. . 6 

6.    Calcareous,  pebbly  material  containing  large  chert  con- 
cretions; the  original  limestone  structure  is  almost 

obliterated 4 

4.    Shale,  ash-blue,  graduating  downward  into  arenaceous 

bedB 6* 

3.    Limestone,  arenaceous,  Impure ....... . 2 

2.    Shale,  dark  blue,  slightly  sandy  and  concretionary  and 
slacks  rapidly  on  exposure;  many  of  the  tragmenls 

spotted  with  white  Hocculent  material 4 

1.     Limestone,  brown,  Hub-crystalUne,  base . 

All  of  the  beds  are  more  or  teas  Irregular  and  are  cut  out 
eastward.  A  continuation  of  the  above  exposure,  in  the  form 
of  a  low  ridge,  runs  southwestward  from  the  mill,  departing 
somewhat  from  the  river,  and  perhaps  outlining  the  position  of 
an  old  escarpment.  The  ridge  continues  for  nearly  a  mile, 
gradually  wanes  and  passes  under  the  drift  blufif  at  the  Sol- 
diers' home. 


Fia.t».   TbeappetLeQiandbedBBBAzpoaedBtBockton. 
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At  Rockton  the  upper  portion  of  section  1  is  duplicated 
almost  perfectly. 

BECTMON  lit.      ROCKTON. 

6.  Loes§  and  soil ■. ... „, 1-3 

6.  Till,  yellow  (lowan) 2-4 

4.  Till,  reddiah-browQ,  sometimes  blue  below  {Kansan).  0-3 

3.  Limestone,  browo,  sub- crystalline,  mbbly 3-5 

2.  Limestone,  oolitic,  heavy  bedded 5 

1.  Limestone,  gray-brown,  beds  thinner  and  slightly 

argillaceous.- 2 

Two  drift  sheets  are  represented  here.     Numerous  granitic 


fio.  £7.    The  Le  Qrand  boils  as  exposRi)  on  Timber  creok  at  the  I.  0,  B7.  crosalog.    The  lOMS 
malDt&ias  a  vertical  scarp,  while  the  Kansaa  till  slopes. 

bowlders  are  present  in  the  base  of  the  lowan  in  places. 
Numbers  1,  2  and  3  in  the  above  section  may  be  referred  to 
Nos.  14,  15  and  16  respectively  in  section  1. 
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At  the  point  where  the  Iowa  Central  railway  crosses  Tim- 
ber creek  a  slightly  different  f acies  of  the  Kinderhook  beds 
may  be  observed. 

SECriON  IV.     TIMBER  CREEK. 

rasT. 

8.    LoesB,  sandy,  below 10 

7.    Bowlder  clay  (Kansan) 6 

6.    Limestone,  brown,  sub-crystalline,  thinly  bedded,  and 

rubbly  above,  heavier  below 8 

5.     Limestone,    yellow,    brittle,    with    occasional    small 

oavems  decorated  with  concretionary  oalcite li 

4.     Limestone,  blue,  hard,  brittle 2 

3.    Oolite  in  three  layers,  8,  22  and  6  inches  respectively.    3 
2.     Limestone,  gray-brown,  with  layers  of  blue,  sub-crys- 
talline limestone- interbedded 6 

1.  Limestone,  gray-blue,  close  textured,  soft  when  first 

exx)osed,  weathered   x>ortion,    ytllow;  layers  vary 
from  6  to  18  inches,  very  evenly  bedded,  magnesian  12 

The  oolite  in  the  Timber  creek  section  is  undoubtedly  the 
equivalent  of  the  oolite  exposed  at  Rockton  and  the  "upper 
oolite"  of  section  1,  numbers  1-6,  in  the  above  section  find 
their  counterparts  in  12-16  in  the  Le  Grand  section,  with  the 
possible  exception  of  number  5,  which  was  not  recognized 
farther  north.  The  differences  in  physical  properties  and 
coloration  are  largely,  if  not  wholly,  due  to  the  differences  in 
weathering.  The  Timber  creek  beds  are  better  protected 
than  those  at  Le  Grand.  The  prevailing  colors  of  the 
unweathered  product  are  shades  of  blue  and  gray,  while  tones 
of  yellow  and  buff  are  brought  about  through  the  action  of 
weathering  agencies.  The  hardness  of  the  Timber  creek 
stone  increases  on  exposure. 

SPCTION  v. 

(Tp.  83  N.,  R.  XVIII  W.,  Sec.  8,  Sw.  qr.,  Se.  i.) 

FBXT. 

•  3.    Loess — -— 1-3 

2.  Till,  oxidized  throughout  a  deep  brown 2-5 

1.    Sandstone,  reddish- brown  in  heavy  beds,  certain  lay- 
ers show  oblique  bedding,  exposed...... 12 

The  sandstone  exhibits  a  conglomeratic  facies  in  part. 
Well  polished  grains  of  sand  and  gravel  are  held  in  a  matrix 
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of  ferric  oxide.  Some  of  the  iron  oxide  is  often  in  the  form 
of  small  nodules  which  frequently  are  hollow  and  possess  the 
concentric  structure  peculiar  to  concretions.  Throughout 
the  beds  are  the  impressions  of  the  trunks  and  branches  of 
trees  which  have  retained  their  woody  structure  in  a  remark- 
able degree,  although  their  original  organic  substance  has 
been  entirely  replaced  by  mineral  matter.  In  some  instances 
a  pulverulent  ash  surrounded  by  a  highly  ferruginated  shield 
are  the  only  remains.     In  one  case,  a  central  core  of  very 


Fia.  ts.   OarbODlIeioua  aandstooe  Id  Timber  Oreeh  towiublp,  Bbc  8,  Bir.  gr.,  Be.  h- 

bard  material,  almost  quartzitic,  was  noted;  around  this  a 
zone  of  wood  fiber,  and  surrounding  all  the  concentric  ferrug- 
inous shield.  All  of  the  stems  wei'e  in  a  recumbent  position. 
No  faunal  remains  could  be  found. 

Geological  Formations. 

CARBONIFEROUS  SYSTEM. 

With  a  few  unimportant  exceptions,  the  stratified  rocks  in 

the  western  half  of  the  county  ai-e  entirely  concealed  by  the 

Pleistocene  deposits.    Rocks  of  the  Lower  Carboniferous  age 
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have  been  exposed  northwest  of  Liscomb  near  the  Iowa  river, 
and  also  east  of  Bangor  on  Honey  creek.  Coal  measure  out- 
croppings  appear  on  Honey  creek  and  along  the  Iowa  river 
between  Bangor  and  Albion. 

MISSISSIPPIAN  SERIES. 

Owen,  in  his  description  of  the  Carboniferous  rocks  of  the 
Iowa  river  definitely  referred  the  rocks  exposed  near  Le 
Grand  to  the  Subcarboniferous.  He  says  in  part:  **Itwas 
not,  however,  until  reaching  the  northwest  corner  of  Tama 
county  that  rocks  of  the  Subcarboniferous  era  were  seen 
unequivocally  in  place.     Here,  on  the  left  bank  of  the  Iowa, 

*  *  *  both  oolitic  and  encrinital  beds  of  Carboniferous 
limestone  protrude;  and  where  the  river  crosses  the  corner  of 
Marshall  county  the  characteristic  fossil,  Pentremites  pyri- 
farrrds  was  found,  along  with  Terebi^atula  plano-aulcata^  Spiri- 
fer  8triatu8  and  Productus  semir^eticulatus.^'*  He  also  calls  atten- 
tion to  the  change  in  the  surface  configuration,  the  beginning 
of  a  more  vigorous  topography,  and  the  increased  growth  of 
timber,  both  of  which,  perhaps,  are  more  or  less  independent 
of  the  country  rock,  but  mark  the  transition  of  the  drift 
plain  into  the  loess-drift  topography. 

J.  D.  Whitney  describes. a  section  on  Timber  creek  and  dis- 
poses of  the  exposures  near  Indiantown  and  Le  Grand  as  fol- 
lows: **  About  one-half  mile  northwest  of  the  town  [Indian- 
town]  a  thin  bedded,  brittle  limestone  with  a  pinkish  tinge  is 
seen  cropping  out  along  the  summits  of  the  low  ridges, 

*  *  *  succeeded,  in  a  descending  order,  by  thin  layers  of 
white  crystalline  limestone  filled  with  fragments  of  crinoidal 
columns.  These  layers  contain  intercalated  masses  of  chert, 
and  some  of  the  beds  are  oolitic  in  structure,  the  whole 
assemblage  closely  resembling  the  outcrop  of  the  Burlington 
member  of  the  Carboniferous  limestone  as  seen  at  that  place. 

*  *    *    In  some  loose  masses  of  oolitic  limestones    *    *    * 

there  were  found  specimens  of  Spirifer  (?) ,  and  an 

Avicula  resembling  A.  marionensis  Shumard." 

•  Geology  of  Iowa«  Pt.  1,  pp.  M7-8, 1858. 
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White,  in  his  discussion  of  the  * *Carbonif erous  System,"* 
describes  the  section  at  Indiantown,  which  is  practically  the 
same  as  the  exposures  at  Le  Grand,  as  consisting  of. 


Z,    Soft  irregularly  bedded  magnesian  limestone  passing 
up  into  purer  and  more  regularly  bedded  limestone  40 

2.    Light  gray,  o51itic  limestone  in  heavy  layers 15 

1.    Yellowish,  shaly ,  fine-grained  sandstone 20 

Continuing  he  says:  *'The  characteristic  fossils  of  the  Kin- 
derhook  formation  prevail  throughout  the  whole  series  of 
beds  found  at  Indiantown,  even  including  the  whole  forty  feet 
of  No.  3.    Although  the  upper  part  of  No.  3  presents   the 
lithological  appearance  of  some  parts  of  the  Burlington  lime- 
stone, yet  its  distinctive  paleontological  characters  are  want- 
ing or  feebly  shown.     The  whole  is  therefore  referred  to  the 
epoch  of  the  Kinderhook  beds,  especially  since  the  line  of 
demarkation  between  the  rocks  of  this  epoch  and  those  of  the 
Burlington  limestone  is  nowhere  definite." 

Wachsmuth  and  Springer,  t  in  their  chapter  on  the  crinoids 
and  blastoids  from  Le  Grand,  Iowa,  accept  White's  reference 
of  Nos.  1  and  2  in  the  above  section,  but  observe  that  the 
upper  part  of  No.  3,  of  the  Le  Grand  and  Indiantown  sections 
is,  in  their  opinion,  very  probably  the  representative  in  part 
of  the  Lower  Burlington  limestone.  A  specimen  of  Actinocri- 
nus  prohoscidialis  which  is  one  of  the  most  characteristic 
species  of  the  Lower  Burlington,  is  mentioned  as  having  been 
found  in  the  upper  layers;  and  these  authors  suggest  that  the 
upward  limit  of  the  Kinderhook  is  coincident  with  upper 
limits  of  the  magnesian  limestone. 

To  summarize  briefly,  Owen  and  Whitney  considered  the 
Le  Grand  beds  to  be  the  equivalents  of  the  encrinital  forma- 
tions,— the  Lower  Burlington  limestone  at  Burlington,  the 
correlation  being  based  almost  wholly  on  lithological  resem- 
l^lances.  White  definitely  assigns  the  assemblage  to  the 
S^inderhook  as  defined  by  Meek  and  Worthen,  basing  his  opin- 

*  Geology  Iowa,  toI.  I,  pp.  195-7, 1870. 

t  Geol.  Bar.  Illinois,  vol.  VIII,  pp.  165-S08, 1890. 
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ion  on  paleontologic  evidence ;  while  Wachsmuth  and  Springer, 
in<their  study  of  the  echinodermatous  remains  in  the  beds, 
confirm  White's  reference,  in  the  main,  but  suggest  the  prob- 
ability of  certain  of  the  upper  layers  belonging  to  the  Lower 
Burlington. 

The  present  investigation  affords  no  reason  to  dissent  from 
Professor  White's  reference.  Professor  Calvin  has  kindly 
identified  a  series  of  fossils  collected  at  Le  Grand,  Timber 
creek  and  Rockton,  some  of  which  were  taken  from  the 
extreme  uppermost  strata,  and  he  finds  them  to  possess  dis- 
tinctively Kinderhook  characters. 

■  KINDERHOOK. 

The  Kinderhook  beds  in  Marshall  county  attain  a  maximum 
thickness  of  nearly  150  feet.*    The  entire  sequence  may  be 


FiQ.  91.    Elndertiook  ontllw.   Mknball-TMoa  line  od  tbe  Iowk  rlror. 

observed  by  visiting  two  sections.  The  greater  portion  of 
the  section  is  exposed  at  Le  G>^nd,  while  the  uppermost  beds 
may  be  seen  at  Marshalltown. 

THE  LB  GRAND  BEDS. 

The  Le  Grand  beds  comprise  a  total  thickness  of  about  135 
feet,  as  evidenced  by  the  deep  weUs  in  Marshalltown  which 
penetrate  these  deposits.     Scarcely  100  feet  of  strata  are 

e  eiUblt«d  In  tbe  UuBbftlltomi 
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exposed  at  the  Le  Grand  when  all  of  the  outcrops  are   com- 
bined.   Although    the  Le  Grand  beds  constitute  a    strati- 


Fio.  80.    Le  Gruid  beds  u  exposed  &t  lODthwest  qaarry,  Le  Orand.    (I)  OOllta,  W  Ohert  b»dl, 
(3)  Orinold  lODe,  (4)  Icfr-ploned  surface  of  the  raovn  uid  gttj  snbcrjBtallliie  llmeatone. 

graphic  unit,  for  convenience  of  discussion  they  may  be  sub- 
divided lithologically  into  four  fairly  well  worked  terrains, 
as  follows: 

4.  Brown  and  gray  eubcryslalline  limestone .„  30 

3.  Buff  magneaian  limestone,  cherty  below 35 

2.  Gray-white  o31ite .  16 

1.  ArgillaceouB,  blue  sandstone 20 

The  lowest  member  consists  of  a  very  soft,  fine-grained 
bluish  white  sandstone,  slightly  argillaceous  above  and  heavy 
bedded  below.     The  sandstone  is  exposed  only  at  the  north- 


LE  GRAND    BEDS.  223 

east  quarry  within  the  limits  of  the  county.  At  Indiantown, 
about  two  miles  east  of  Le  Grand,  the  sandstone  is  very  fri- 
able and  takes  on  a  yellowish  tone  due  to  weathering.  Casts 
of  fossils  were  observed. 

The  oolitic  member  is  in  very  heavy  layers  and  is  evenly 
bedded.  It  is  of  a  gray-white  color  and  is  only  exposed  in 
the  two  east  quarries  at  Le  Grand.  This  terrain  is  f  ossilif  er- 
ous  throughout.     The  principal  forms  recognized  were: 

Entoliv/m  circulua  Shumard. 

Stra/parollus  latus  Hall. 

Productus  sp.  ( ?)  and  fish  spines  and  plates. 

The  third  member  comprises  about  thirty-five  feet  of  homo- 
geneous, fine-grained,  buff,  magnesian  limestone,  which, 
lithologically  and  faunally,  may  be  subdivided  into  three 
zones. 

ran*. 
3.    Heavy  bedded  magnesian  limeatone;  barren  zone 12 

2.    Arenaceous  marly  layers;  Encrinital  zone 4 

1.    Chert   beds  1  ^^^^  ^^^'  H  J^^M 20 

v^u^xw    M^v«  ^  chonetes  zone,  8  feet ) 

The  chert  beds  consist  of  irregularly  bedded  magnesian 
limestone,  much  divided  by  quite  persistent  chert  bands  and 
cherty  concretions  scattered  promiscuously  throughout  the 
deposit.  This  division  is  almost  devoid  of  organic  remains, 
save  in  the  chert  bands  and  associated  layers  near  the  base, 
which  are  •  closely  set  with  Chonetes.  Productics  arcitatus 
Hall,  was  found  along  with  the  Chonetes.  The  chert  beds 
are  separated  from  the  oolite  by  a  variegated,  heavily  bedded, 
subcrystalline  brown  and  blue  limestone,  whose  most  char- 
acteristic organic  remains  are  fish  spines.  A  large  spine  of 
Ctenacanthus,  similar  to  C.  furoicarinatua  of  Newberry,  was 
found  in  this  layer. 

The  middle  layers  are  thinly  bedded  and  of  a  marly  arena- 
ceous character,  forming  a  fit  receptacle  for  the  abundant 
crinoidal  fauna  which  they  contain.  More  than  nine-tenths  of 
the  Echinodermatous  remains  found  at  this  locality  were  con- 
fined to  these  shaly,  marly  layers,  which  have  an  aggregate 
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thickness  of  less  than  four  feet,  and  may  fittingly  be  desig*- 
nated  the  "Encrinital  zone." 

Wachsmuth  and  Springer,*  the  eminent  authorities  on  the 
Paleozoic  Pelmatozoa,  have  described  the  following-  species 
of  crinoids  and  blastoids  from  the  Le  Grand  beds: 

AthirioorinuB  omatissinus  W.  &  Sp. 

AthinocHnits  iiodobrochiatus  W.  &  Sp. 

AthinocrinuB  ainwldi  W.  &  Sp. 

MegistocHnus  nobilis  W.  &  Sp. 

Megistocrinus  parvus  W.  &  Sp. 

Batocrinns  nuicbridei  W.  &  Sp. 

Dorycrinus  imrnaturus  W.  &  Sp. 

Dorycrinua  radiatus  W.  &  Sp. 

Dorycrinus  parvibdsis  W.  &  Sp. 

Rhodocrinus  kirbyi  W.  &  Sp. 

Rhodocrinus  nanus  Meek  &  Worthen. 

Rhodocrinus  watersianus  W.  &  Sp. 

Flatycrinus  symmetricus  W.  &  Sp. 

PLatycrinus  planus  Owen  &  Shummard? 

Dichocrinus  inomatus  W.  &  Sp. 

Graphiocrinus  Umgicirrifer  W.  &  Sp. 

Scaphiocrinus  elegantulus  W.  &  Sp. 

Scaphiocrinus  globosus  W.  &  Sp. 

Taxocrinus  fletcheri  Worthen. 

TaxocHnus  intermedius  W.  &  Sp. 

Orophocrinus  conicus  W.  &  Sp. 

Orophocrinus  fusiforms  W.  &  Sp. 

In  describing  the  mode  of  occurrence  and  former  habitat 
and  state  of  preservation  of  this  most  interesting  assemblage 
of  organisms,  the  above  authors  write  as  follows:  '*It 
appears  that  the  Le  Grand  crinoids  were  deposited  in  very 
quiet  waters,  and  in  many  cases  were  imbedded  just  as  they 
died.  They  occur  in  nests  and  colonies,  and  genera  and 
species  are  commingled  indiscriminately.  It  is,  therefore,  a 
curious  fact  that  while  the  specimens  of  some  species  are  of 

•  Geological  BurT.  Illinois,  vol.  VIII,  pp.  157-205.    1800. 
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pure  calcareous  composition  and  of  a  light  color,  those  of 
others,  under  precisely  similar  conditionSf>Iying  side  by  side 
with  them,  sometimes  even  with  stems  and  arms  intertwined, 
are  harder  and  of  a  very  dark  brownish-gray  color.  *  *  * 
The  stems  are  short,  *  *  *  and  is  worthy  of  note  that  in 
all  our  perfect  specimens  from  Le  Grand  *  *  *  taper  to 
a  fine  point,  giving  off  rootlets  in  all  directions,  and  there  is 
in  no  instance  any  indication  of  an  attachment  by  the  column 
to  a  solid  substance  *  *  *.  Taking  everything  into  con- 
sideration, it  seems  to  us  the  numerous  small  rootlets,  spread- 
ing in  all  directions  lead  to  the  conclusion  that  those  crinoids, 
with  but  few  exceptions,  either  lived  upon  a  soft,  oozy  bot- 
tom, in  which  they  were  rooted  like  plants,  or  that  the  rootlets 
served  as  an  anchor  by  which  the  animal  attached  itself  to 
foreign  bodies. ' ' 
The  brachiopodous  fauna  is  represented  as  follows  in  this 

zone: 

Spirifer  btpliccUus  Hall. 

Orthothetes  crenistria  Phillips. 

Bhyncfionella  sp  (?). 

Spirifer  sp  (?). 

The  upper  layers  of  the  magnesian  limestone  consist  of 
heavy  beds  two  to  four  feet  in  thickness  and  rather  evenly 
bedded.  A  chert  band  bisects  the  division  near  its  middle, 
but  otherwise  it  is  quite  free  from  siliceous  matter.  Fossils 
are  rare. 

The  magnesian  limestone  is  exposed  in  its  entirety  in  the 
two  east  quarries  at  Le  Grand.  At  the  west  quarry  the  upper 
two  divisions  only  are  exposed.  At  the  Timber  creek  quarry 
the  top  of  the  upper  division  is  but  little  above  water  and  this 
division  alone  has  been  explored.  These  are  the  only  locali-. 
ties  where  this  formation  appears  in  the  county. 
.  The  uppermost  Le  Grand  beds  comprise  a  composite  series 
consisting  in  the  main  of  gray  or  brown,  subcrystalline  lime- 
stone, and  gray  oOlite.  This  oolitic  layer  is  near  the  base 
and  is  composed  of  four  feet  of  typical  oolite  resting  on  two 
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feet  and  a  half  of  shell  breccia  with  an  oolitic  facies.      The 
limestone  above  the  oolite  is  hard,  thinly  bedded  and  rubbly 
in  character.     Occasionally  chert  bands  are  present,  but  they 
are  less  abundant  than  in  the  magnesian  layers.    The  whole 
assemblage  is  highly  f ossilif erous  throughout,  the  chief  forms 
being: 

SpiHfer  subrotundus  Hall. 

SpiHfer  extenuatus  (?)  Hall. 

SpiHfer  hiplicatiis  Hall. 

Orthothetes  crenistria  Phillips. 

Bhynchonella^  ap  (?). 

TerebratuUiy  sp  (?). 

Fish  remains  and  crinoid  stems  are  often  present  in  abund- 
ance, but  ActinocHrm8  proboacidialia  Hall,  is  the  only  crinoid 
calyx  described  from  these  beds. 

The  upper  division  is  present  wherever  the  Le  Grand  beds 
have  been  recognized  within  the  limits  of  the  county.  It 
plays  an  important  role  in  the  Kinderhook  escarpment,  whose 
position  is  approximately  marked  out  by  a  line  passing 
through  the  Le  Grand,  Rockton,  Corrick  and  Liscomb 
quarries.  The  valleys  of  the  streams  which  have  cut  into 
the  country  rock  are  constricted  where  they  cross  this  line. 
This  is  best  seen  in  the  valley  of  the  Iowa  itself.  (See  Pleis- . 
tocene  map.)  The  most  extreme  westward  outcrops  may  be 
noted  on  the  Iowa  river  north  of  the  Soldiers'  Home,  on  North 
Timber  creek,  and  on  South  Timber  creek  near  Ferguson.  At 
the  last  three  places  only  the  thin  bedded,  brown,  subcrystal- 
line  limestone  may  be  seen. 

MARSHALLTOWN  SHALES. 

About  fifteen  feet  of  argillo-calcareous  beds  are  exposed 
near  the  Marshalltown  Flouring  Mills.  They  consist  of  ash- 
blue  to  deep  blue  shales  interbedded  with  argillaceous  lime- 
stones. Chert  nodules  are  present  in  the  upper  calcareous 
layers.  After  diligent  search  no  trace  of  organic  remains 
could  be  found.    In  the  absence  of  distinctive  characters  these 
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beds  may  be  referred  conditionally  to  the  Kinderhook.  Con- 
cretions similar  to  those  mentioned  above  are  found  along  the 
river  westward  to  the  great  bend,  but  not  in  place. 

AUGUSTA. 

Although  Hall  considers  the  Le  Grand  beds  to  be  the 
equivalent  of  the  Lower  Burlington  and  Wachsmuth  and 
Springer  have  suggested  the  probable  equivalency  of  the 
brown  subcrystalline  layers  at  Le  Grand  with  the  same  forma- 
tion, yet  the  matter  now  stands  pretty  much  as  it  did  more 
than  a  quarter  of  a  century  ago,  when  White  failed  to  find 
sufficient  reason  for  the  differentiation  of  the  Lower  Carbon- 
iferous in  Marshall  county.  With  the  data  in  hand  at  the  pres- 
ent time  the  Augusta  cannot  be  recognized  definitely  within 
the  confines  of  the  county. 

SAINT  LOUIS. 

In  Bangor  township  in  the  Sw.  qr.,  Sw.  i  of  Sec.  16,  a 
heavily  bedded,  close- textured  limestone  is  quarried  in  the 
bottom  of  Honey  creek.  The  rock  is  of  a  dark,  ash-gray 
color  and  contains  some  small,  cherty  concretions.  Iron 
pyrites  occur  in  bands  and  sheets  in  certain  layers.  The  rock 
breaks  with  an  uneven  or  hackley  fracture,  and  some  blocks 
give  a  metallic  chink  when  struck  with  a  hammer.  No  fossils 
could  be  found.  Lithologically,  these  beds  have  a  very  close 
resemblance  to  the  lithographic  facies  of  the  Saint  Louis 
limestone  as  exhibited  at  the  quarries  north  of  Ames  on  the 
Skunk  river,  and  at  Webster  City  on  the  Boone  river.  The 
area  is  mapped  as  Kinderhook,  but  probably  should  be 
referred  to  the  Saint  Louis.  Coal  measures  overlie  these  beds 
at  this  point. 

DES    MOINES   STAGE. 

The  coal  measures  (Des  Moines)  overlap  the  Lower  Carbon- 
iferous formation  in  an  irregular  manner  and  occupy  nearly 
one-half  the  superficial  area  of  the  county.  The  general 
trend  of  the  overlapping  edge  of  the  formation  is  east  of 
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south,  extending  from  the  northeast  corner  of  Bangor  town- 
ship to  the  southwest  corner  of  Green  Castle  township.    There 
are  reentrant  angles  where  the  principal  streams  make  their 
exit  from  the  measures,  with  the  exception  of  Middle  Timber 
creek;  there  being  an  extension  at  this  point.     A  prolonga- 
tion of  the  coal  measures  extends  westward  into  Iowa  and 
Liscomb  townships  and  may  have  been  at  one  time  continuous 
with  the  outlier  in  Vienna  and  Taylor  townships,  which  marks 
the  extreme  eastward  limit  of  the  Des  Moines  in  the  county. 
Outcroppings  of  the  coal  measures  are  few  and  unimportant, 
so  perfect  is  their  concealment  by  the  glacial  debris.     At 
certain  points  along  the  Iowa  river  northwest  of  Albion  on 
Honey  creek,  a  thin  coal  seam  along  with  carbonaceous  shale 
may  be  noted.     In  Timber  Creek  township  a  heavily  bedded, 
red  sandstone  appears  along  a  tributary  of  Linn  creek,  near 
the  Chicago  Great  Western  railway  on  sections  8  and  9. 
Outcrops  of  the  same  beds  may  be  observed  near  the  water 
level  on  the  Middle  Timber  in  sections  26  and  34.     Away  from 
the  margin  there  are  no  exposures  of  the  Des  Moines  in  the 
region.     The  deeper  wells  in  the  vicinity  of  State  Center 
undoubtedly  penetrate    the  coal    measures,   which    consist 
largely  of  shales.     In  sinking  a  well  for  Emanuel  Hepner, 
Tp.  85,  N.,  R.  XVII  W.,  Sec.  30,  Se.  qr.,  Ne.  i,  the  following 
sequence  of  strata  was  reported. 

FIST.         INOHIS. 

Loessand  drift 120 

Sandy,  shelly  rock,  greenish  yello\¥ 2 

Coal 6-8 

Red  sandstone,  soft 16 

Argillaceous  limestone,  very  hard 1 

Argillaceous  shale,  light,  ash-color 13 

Coal ,  carbonaceous  shale  and  fire  clay 6 

Hard,  gray  lime-tone  (penetrated) 10 

Other  wells  in  the  vicinity  are  reported  to  exhibit  a  similar 
sequence.  The  Hepner  well  seems  to  be  near  the  center  of 
the  outlier  and  hence  the  maximum  thickness  of  the  measures 
in  this  region  may  be  taken  as  approximately  forty  feet.  The 
Des  Moines  is  doubtless  much  thicker  in  the  western  portion 
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of  the  county,  but  at  present  no  well  authenticated  records 
are  at  hand. 

Here,  as  elsewhere  in  Iowa,  the  Des  Moines  stage  of  the 
Upper  Carboniferous  consists  essentially  of  shales  and  sand- 
stones, with  occasional  layers  of  argillaceous  limestones  and 
seams  of  coal,  all  of  which  are  interbedded  in  an  intricate 
manner.  The  shales  predominate  in  Marshall  county  and 
vary  structurally  from  massive  structureless  clays  through 
clayey  shales  to  fissile  shales;  texturally  form  the  purest 
shales  through  arenaceous  shales  to  argillaceous  sandstones. 
Colors  are  equally  variable  from  the  gray-white  fire  clays  to 
the  jet-black  carbonaceous  shales. 

The  prevailing  sandstones  are  in  shades  of  red,  but  in  other 
regions,  where  better  exposed,  they  are  found  to  be  equally 
as  variable  in  physical  properties  as  are  the  shales. 

So  far  as  at  present  known  the  argillaceous  limestones  and 
coal  seams  are  sparingly  developed  in  this  territory. 

PLEISTOCENE. 

With  a  few  unimportant  exceptions  where  the  larger 
streams  have  succeeded  in  cutting  through  and  exposing  the 
older  formations,  the  Pleistocene  deposits  form  a  continuous 
mantle  over  the  entire  coimty.  They  are  composed  essen- 
tially of  bowlder  clays,  sands,  gravels  and  silts,  often  inter- 
bedded and  intermingled  in  a  most  complex  manner.  Bowl- 
ders are  not  uncommon  attendants  to  this  most  heterogeneous 
assemblage.  The  average  thickness  of  the  glacial  debris  on 
the  uplands  in  this  region,  is  upwards  of  100  feet,  and  the 
present  surface  features  are  sculptured  almost  wholly  in  this 
material.  At  certain  points  in  the  county  much  greater  depths 
are  attained.  In  Eden  Tp.  on  the  northwest  quarter  of 
section  8,  190  feet  was  reported;  Jefferson  Tp.,  Sw.  qr. 
of  Sec.  22,  220  feet;  Marietta  Tp.,  Sw.  qr.  of  Sec.  25,  212  feet; 
Liscomb  Tp.,  Nw.  qr..  Sec.  22,  260  feet;  Taylor  Tp.,  Se.  qr., 
of  Sec.  1,  300  feet,  and  on  the  Sw.  qr.,  400  feet  of  drift  was 
penetrated.    In  the  latter  township  there  seems  to  be  a  rock- 


230  GEOLOGY  OF  MARSHALL  COUNTY. 

bound  gorge  trending  northeast-southwest,  bisecting  sections 
1  and  11,  and  more  than  a  half  mile  in  width.  The  southern 
wall  oJ  the  gorge  is  apparently  very  abrupt,  while  the  north 
wall  rises  gradually.  The  rock  rises  to  seventy  or  eighty 
feet  of  the  surface  within  half  a  mile  southeast  of  the  line  of 
the  gorge.  Northward  the  rock  is  reached  190  and  180  feet 
below  the  surface  on  the  Sw.  and  Nw.  qrs.  of  section  2, 
respectively.  The  inequality  of  the  slopes  of  this  buried 
channel  is  analogous  to  that  of  the  great  majority  of  the  Iowa 
streams  of  the  present  day.  The  south  flank  is  almost  uni- 
versally the  more  abrupt.  * 

Although  there  are  occasional  hints  of  preglacial  channels 
and  depressions,  none  can  be  mapped  definitely,  and  the  gen- 
eral testimony  of  the  drift  wells  is  that  the  preglacial  topog- 
raphy was  milder  than  that  of  the  present  time.  The  type  of 
topographic  maturity,  the  pure  plain,  is  suggested. 

Marshall  county  has  been  subjected  to  at  least  three  and 
perhaps  four  distinct  ice  invasions,  separated  by  intervals 
of  vigorous  erosion  and  surface  corrugation,  or  surface  silt- 
ing. The  first  two  ice  sheets  were  followed  by  gravel  trains, 
while  the  last  two  were  succeeded  by  intervals  of  surface 
silting  and  alluvium  forming,  respectively.  The  sequence  of 
events  may  be  described  briefly  in  chronological  order,  and 
the  corresponding  deposits  arranged  stratigraphically  as  fol- 
lows. 

8.    Deglaciation  and  eroeion Recent  (Alluvium  in  part.) 

7.    Glaciation    (western     miirgin 

of  county)..- ...- Wisconsin  till. 

6.  Deglaciation  and  surface  silt- 
ing   Loess. 

5.    Glaciation  (northeast  corner).  lowan  till. 

4.  Deglaciation  and  vigorous  ero- 
sion  Buchanan  gravels. 

3.    Glaciation  (general) Kansan  till. 

2.    Deglaciation  and  erosion Af  tonian  gravels. 

1.     Glaciation Sub-Aftonian  till. 

*  The  writer  is  indebted  to  Mr.  Harry  Weatherby  for  the  recordi  in  Taylor  township.  The 
data  is  based  on  drillers*  notes  or  derived  from  a  personal  interviews  with  the  respect  ive 
land-owners.  Such  evidence  must  be  taken  with  a  grain  of  allowance.  The  Klnderhook 
shales  lie  scarcely  100  ftet  below  the  general  rock  surface  and  might  easily  be  mistaken  for 
drift  clays. 
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SUB-AFTONIAN. 

No  till  sheet  below  the  Kansan  has  certainly  been  identified 
in  this  region.  At  the  Albion  mill,  about  ten  miles  northwest 
of  Marshalltown,  the  following  sequence  of  deposits  may  be 
observed,  the  basal  members  of  which  are  pre-Kansan,  and 
may  be  the  equivalent  of  the  sub-Aftonian. 

ALBION  SBCTION. 

TBBT. 

6.    Loess,  Stratified  sand  and  silt  below .^..       20 

5.    Yellow  till,  apparantly  wanting  in  places  and  often 

represented    by  oharaoteristic  bowlders  only. 

(lowan) 0-1 J 

4*  Gravel,  bowlders  four  or  five  inches  in  diameter 
present,  granitic  members  often  much  decay^Ni; 
limestone  pebbles  common;  bowlders  of  Kansan 
adorned  with  pebbles  noted.    (Buchanan) 2 

3.  Till,  upper  portion  oxidized  a  deep  reddish  brown, 
the  lower  portion  unozidized  and  gray-blue  in 
color;  jointed  structures  prominent  throughout. 
(Kansan) 5 

2.    Sand  and  gravel,  stratified,  coarser  below;  oxidized    • 
in  streaks  and  bands  approximately  parallel  to 
bedding  planes.    (Aftonian) 10 

1.    Blue  till*  (Sub-Aftonian) 10 

At  the  well  put  down  in  section  7,  in  Warren  township,  for 
Wm.  M.  Wallace,  the  drillers'  record  is  as  follows: 


Yellow  clay  (loess,  lowan  and  oxidized  portion  of  Kan- 
san)  :.  30 

Blue  clay  (Kansan) ..—    40 

Sand  and  gravel  (Aftonian?) 30 

Blue  clay  (Sub-Aftonian?) 60 

The  above  records  at  least  suggest  the  presence  of  the  pre- 
Kansan  till  sheet,  but  additional  data  are  necessary  before 
more  explicit  statements  can  be  made  concerning  its  charac- 
teristics and  distribution. 

AFTONIAN. 

At  the  base  of  the  Albion  section  ten  feet  of  stratified  sand 
and  gravels  may  be  observed.     These  beds  were  laid  down, 

*  Not  exposed,  but  B.  W.  Sheets  reports  ten  feet  of  bowlder  clay  penetrated  In  sinking  the 
abutmentj  for  the  bridge. 

20  O.  Bep. 
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in  large  part,  through  the  agency  of  running  water.  Many  of 
the  pebbles  and  small  bowlders  bear  polished,  striated  or 
facetted  surfaces,  yet  the  granitic  members  are  oftentimes  in 
an  advanced  stage  of  decay.  The  relation  of  this  deposit  to 
the  Kansan  is  unquestionable,  because  till  of  the  Kansan  age 
rests  immediately  upon  these  beds.  Gravels  similarly  related 
to  the  Kansan  have  been  reported  from  various  parts  of  the 
county,  and  the  maximum  thickness  attained  is  about  thirty 
feet. 

The  presence  of  a  well  marked  terrane  consisting  of  sands 
and  of  gravels,  many  of  the  pebbles  and  small  bowlders  of 
which  bear  the  unmistakable  imprints  of  glaciation,  almost 
necessitate  a  pre^xistant  glacier  and  its  universal  product,  the 
till  sheet.  A  priori^  this  fact  in  itself  would  be  sufficient  rea- 
son for  suspecting  the  presence  of  pre-Kansan  glaciation  (sub- 
Aftonian  drift  sheet). 

KANSAN. 

The  Kansan  ice  covered  the  entire  area  under  consideration 
and  extended  far  southwestward  into  Missouri  and  Kansas, 
receiving  its  name  from  the  latter  state.  As  a  till  producer 
this  great  ice  sheet  is  without  a  rival,  and  the  elements  of  the 
present  topographic  features  are  boldly  outlined  in  the  till  of 
this  sheet. 

The  Kansan  drift  is  composed  essentially  of  bowlder  clays 
containing  pockets  of  sand  and  gravel  and  occasional  bowl- 
ders of  moderate  size.  The  coloration  is  almost  wholly  due 
to  the  state  of  oxidation,  and  the  formation  may  be  divided 
arbitrarily  into  an  upper  oxidized  portion  and  a  lower  unoxi- 
dized  portion.  The  oxidized  zone  varies  in  color  from  a 
bright  yellow  to  a  deep  reddish  brown,  while  the  unoxidized 
portion  assumes  some  shade  of  blue,  and  constitutes  the  blue 
clay,  hard  pan,  etc.,  of  drillers.  The  degree  of  leaching  to 
which  these  beds  have  been  subjected  varies  greatly,  and 
approximately  keeps  pace  with  the  process  of  oxidation.  In 
the  cuts  along  the  Chicago  Great  Western  railway  on  sections 
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8  and  17,  in  Timber  Oreek  township,  these  facts  are  beauti- 
fully illustrated.  The  maximum  thickness  of  Kansan  till 
exposed  here  is  about  fifteen  feet,  covered  with  3  to  10  feet  of 
loess,  the  latter  being  the  thickest  upon  the  hill  flanks.  Near 
the  line  of  contact  the  till  is  a  deep  red-brown  in  color  and 
thoroughly  leached.     Passing  downward,  the  color  becomes 

.  lighter  and  the  leaching  less  perfect.  The  lower  five  feet  of 
the  partially  oxidized  zone  is  of  a  faded  yellow  color,  and 
lime  concretions  similar  to  those  found  in  the  loess  which 
mark  the  incipitent  stages  of  leaching  are  very  abundant. 

The  pebbles  and  bowlders  consist  chiefly  of  granites,  green- 
stones and  gneisses.  In  the  eastern  half  of  the  county  frag- 
ments of  limpid  quartz  and  cherty  limestones  are  very  com- 
mon,  while  quartzites  occur    infrequently.      Many  of    the 

.  bowlders  are  fractured  and  striated.  The  granites  and 
gneisses  often  crumble  on  exposure.  Fragments  of  conifer- 
ous wood  are  not  uncommon  inclusions  in  the  lower  portion 
of  the  formation. 

The  Kansan  till  covers  the  whole  county  save  where  it  has 
been  removed  by  erosive  agencies.  The  thickness  of  the 
sheet  varies  from  a  few  feet,  where  it  caps  the  outliers  of  the 
Einderhook  to  more  than  one  hundred  feet  in  the  uplands  of 
the  south' and  west,  with  an  average  thickness  of  little  less 
than  the  latter  figure.  The  oxidized  portion  is  usually  rather 
more  than  ten  feet  thick. 

BUCHANAN. 

The  retreat  of  the  Kansan  ice  was  closely  followed  by  a 
season  of  vigorous  erosion  and  a  working  over  of  the  newly 
deposited  drift.  This  was  a  time  of  gravel  accumulation. 
Well  rounded  bowlders  of  Kansan  till  are  found  in  these 
gravel  beds  and  may  be  taken  as  evidence  of  the  still  frigid 
climate,  for  it  is  reasonable  to  presume  that  fragments  of 
clay  would  not  permit  attrition  and  transportation  unless 
frozen.  At  Albion  these  gravels  attain  a  thickness  of  about 
two  feet  and  are  typically  developed.    They  are  very  much 
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coarser  at  this  point  than  those  referred  to  the  Aftonian. 
The  gravels  near  GifEord  are  probably  of  the  same  age,  but 
are  finer  textured  and  distinctly  stratified.  During  the 
remainder,  and  by  far  the  greater  portion  of  the  inter-glacial 
interval,  the  surface  was  profoundly  eroded,  oxidized  and 
leached. 

lOWAN. 

Tbe  lowan  ice  traversed  the  northeast  part  of  Marshall 
county  and  left  evidence  of  its  visit  in  the  form  of  a  thin 
sheet  of  till,  and  a  goodly  sprinkling  of  bowlders,  some  of 


Fla.  SI.    lowui  bowlder,  red  gruilte,  situated  tiro  knd  m  taklt  mllas  north  of  KBnh&UtoWD. 

which  are  of  enormous  size.  Unlike  the  Kansan,  the  lowan 
contributed  but  little  bowlder  clay.  Exposures  of  lowan  till 
may  be  observed  at  the  Albion  mills,  Rockton,  the  cuts  along  the 
wagon  roads  in  the  northwest  comer  of  section  2,  Tp.  89  N, ,  R. 
XVIII  W.,  and  various  places  between  sections  5  and  6,  Tp. 
84  N.,  R.  XVII W.  This  drift  sheet  never  attains  more  than  a 
few  feet  in  thickness,  and  over  perhaps  the  greater  portion 
of  the  area,  the  bowlders,  many  of  which  occur  well  up  the 
hill  flanks,  are  the  only  witnesses  of  its  presence.  The  lowan 
till  is  light  to  bright  yellow  in  color  and  is  imperfectly  oxidized 
and  leached.     It  is  sandier  and  lacks  the  tough,  plastic  char-. 
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i  acter  of  the  Kansan.    The  bowlders,  both  great  and  small, 

are  prevailingly  granites,  and  are  much  fresher  than  those 
common  to  the  older  drifts. 

Th6  lowan  ice  was  undoubtedly  thin  in  this  region,  and  the 
extreme  advance  of  the  attenuated  edge  is  probably  approx- 
imately outlined  by  the  Iowa  river,  but  no  bowlders  were 

j  observed  on  the  flood  plain  below  Albion. 

I  LOESS. 

I  The  loess  is  a  homogeneous,   siliceous  silt  varying  from 

light  buff  to  a  brownish  buff  in  color.  It  in  some  measure 
resembles  the  drift  after  the  coarser  and  finer  materials  have 

'  been  removed.    The  constituent  particles  vary  in  size  from 


Oentnil  nkllwa  j. 

the  finest  silt  to  fine  sands  and  usually  present  sharp  angles. 
Lime  concretions,  losspuppen  and  losstnanchen,  are  often  pres- 
ent in  great  numbers.  Structurally,  the  deposit  is  uniformily 
massive,  although  in  many  exposures  stratification  lines  are 
plainly  visible.  Typical  loess  possesses  the  peculiar  physical 
property  by  virtue  of  which  it  tends  to  maintain  a  vertical 
scarp,  regardless  of  its  apparently  incoherent  character,  and  it 
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south,  extending  from  the  northeast  corner  of  Bangor  town- 
ship to  the  southwest  corner  of  Green  Castle  township.    There 
are  reentrant  angles  where  the  principal  streams  make  their 
exit  from  the  measures,  with  the  exception  of  Middle  Timber 
creek;  there  being  an  extension  at  this  point.     A  prolonga- 
tion of  the  coal  measures  extends  westward  into  Iowa  and 
Liscomb  townships  and  may  have  been  at  one  time  continuous 
with  the  outlier  in  Vienna  and  Taylor  townships,  which  marks 
the  extreme  eastward  limit  of  the  Des  Moines  in  the  county. 
Outcroppings  of  the  coal  measures  are  few  and  unimportant, 
so  perfect  is  their  concealment  by  the  glacial  debris.     At 
certain  points  along  the  Iowa  river  northwest  of  Albion  on 
Honey  creek,  a  thin  coal  seam  along  with  carbonaceous  shale 
may  be  noted.     In  Timber  Creek  township  a  heavily  bedded, 
red  sandstone  appears  along  a  tributary  of  Linn  creek,  near 
the  Chicago  Great  Western  railway  on  sections  8  and  9. 
Outcrops  of  the  same  beds  may  be  observed  near  the  water 
level  on  the  Middle  Timber  in  sections  26  and  34.     Away  from 
the  margin  there  are  no  exposures  of  the  Des  Moines  in  the 
region.     The  deeper  wells  in  the  vicinity  of  State  Center 
undoubtedly  penetrate    the  coal    measures,   which    consist 
largely  of  shales.     In  sinking  a  well  for  Emanuel  Hepner, 
Tp.  85,  N.,  R.  XVII  W.,  Sec.  30,  Se.  qr.,  Ne.  i,  the  following 
sequence  of  strata  was  reported. 

FBIT.         IHOHIB. 

Loess  and  drift —120 

Sandy,  shelly  rock,  greenish  yello «7 2 

Coal 6-8 

Red  sandstone,  soft 16 

Argillaceous  limestone,  very  hard 1 

Argillaceous  shale,  light,  ash-color 13 

Coal,  carbonaceous  shale  and  fire  clay 6 

Hard,  gray  limestone  (penetrated) 10 

Other  wells  in  the  vicinity  are  reported  to  exhibit  a  similar 
sequence.  The  Hepner  well  seems  to  be  near  the  center  of 
the  outlier  and  hence  the  maximum  thickness  of  the  measures 
in  this  region  may  be  taken  as  approximately  forty  feet.  The 
Des  Moines  is  doubtless  much*  thicker  in  the  western  portion 
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of  the  county,  but  at  present  no  well  authenticated  records 
are  at  hand. 

Here,  as  elsewhere  in  Iowa,  the  Des  Moines  stage  of  the 
Upper  Carboniferous  consists  essentially  of  shales  and  sand- 
stones, with  occasional  layers  of  argillaceous  limestones  and 
seams  of  coal,  all  of  which  are  interbedded  in  an  intricate 
manner.  The  shales  predominate  in  Marshall  county  and 
vary  structurally  from  massive  structureless  clays  through 
clayey  shales  to  fissile  shales;  texturally  form  the  purest 
shales  through  arenaceous  shales  to  argillaceous  sandstones. 
Colors  are  equally  variable  from  the  gray-white  fire  clays  to 
the  jet-black  carbonaceous  shales. 

The  prevailing  sandstones  are  in  shades  of  red,  but  in  other 
regions,  where  better  exposed,  they  are  found  to  be  equally 
as  variable  in  physical  properties  as  are  the  shales. 

So  far  as  at  present  known  the  argillaceous  limestones  and 
coal  seams  are  sparingly  developed  in  this  territory. 

PLEISTOCENE. 

With  a  few  unimportant  exceptions  where  the  larger 
streams  have  succeeded  in  cutting  through  and  exposing  the 
older  formations,  the  Pleistocene  deposits  form  a  continuous 
mantle  over  the  entire  county.  They  are  composed  essen- 
tially of  bowlder  clays,  sands,  gravels  and  silts,  often  inter- 
bedded and  intermingled  in  a  most  complex  manner.  Bowl- 
ders are  not  uncommon  attendants  to  this  most  heterogeneous 
assemblage.  The  average  thickness  of  the  glacial  debris  on 
the  uplands  in  this  region,  is  upwards  of  100  feet,  and  the 
present  surface  features  are  sculptured  almost  wholly  in  this 
material.  At  certain  points  in  the  county  much  greater  depths 
are  attained.  In  Eden  Tp.  on  the  northwest  quarter  of 
section  8,  190  feet  was  reported;  Jefferson  Tp.,  Sw.  qr. 
of  Sec.  22,  220  feet;  Marietta  Tp.,  Sw.  qr.  of  Sec.  25,  212  feet; 
Liscomb  Tp.,  Nw.  qr..  Sec.  22,  260  feet;  Taylor  Tp.,  Se.  qr., 
of  Sec.  1,  300  feet,  and  on  the  Sw.  qr.,  400  feet  of  drift  was 
penetrated.    In  the  latter  township  there  seems  to  be  a  rock- 
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bound  gorge  trending  northeast-southwest,  bisecting  sections 
1  and  11,  and  more  than  a  half  mile  in  width.  The  southern 
wall  oi  the  gorge  is  apparently  very  abrupt,  while  the  north 
wall  rises  gradually.  The  rock  rises  to  seventy  or  eighty 
feet  of  the  surface  within  half  a  mile  southeast  of  the  line  of 
the  gorge.  Northward  the  rock  is  reached  190  and  180  feet 
below  the  surface  on  the  Sw.  and  Nw.  qrs.  of  section  2, 
respectively.  The  inequality  of  the  slopes  of  this  buried 
channel  is  analogous  to  that  of  the  great  majority  of  the  Iowa 
streams  of  the  present  day.  The  south  flank  is  almost  uni- 
versally the  more  abrupt.  * 

Although  there  are  occasional  hints  of  preglacial  channels 
and  depressions,  none  can  be  mapped  definitely,  and  the  gen- 
eral testimony  of  the  drift  wells  is  that  the  preglacial  topog- 
raphy was  milder  than  that  of  the  present  time.  The  type  of 
topographic  maturity,  the  pure  plain,  is  suggested. 

Marshall  county  has  been  subjected  to  at  least  three  and 
perhaps  four  distinct  ice  invasions,  separated  by  intervals 
of  vigorous  erosion  and  surface  corrugation,  or  surface  silt- 
ing. The  first  two  ice  sheets  were  followed  by  gravel  trains, 
while  the  last  two  were  succeeded  by  intervals  of  surface 
silting  and  alluvium  forming,  respectively.  The  sequence  of 
events  may  be  described  briefly  in  chronological  order,  and 
the  corresponding  deposits  arranged  stratigraphically  as  fol- 
lows. 

8.    Deglaciation  and  erosion Recent  (AUuvium  in  part.) 

7.    Glaciation    (western     miirgin 

of  county) Wisconsin  till. 

6.  Deglaciation  and  surface  silt- 
ing ...... ......Loess. 

5.    Glaciation  (northeast  corner).  lo wan  till. 

4.  Deglaciation  and  vigorous  ero- 
sion  Buchanan  gravels. 

3.    Glaciation  (general) Kansan  till. 

2.    Deglaciation  and  erosion Af  tonian  gravels. 

1.     Glaciation Sub-Aftonian  till. 

*  The  writer  is  indebted  to  Mr.  Harry  Weatherby  for  the  records  in  Taylor  township.  The 
data  is  based  on  drillers*  notes  or  derived  from  a  personal  interviews  with  the  respect  ive 
land-owners.  Such  evidence  must  be  taken  with  a  grain  of  allowance.  The  Kinderhook 
shales  lie  scarcely  100  ftet  below  the  general  rock  surface  and  might  easily  be  mistaken  for 
drift  clays. 
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south,  extending  from  the  northeast  corner  of  Bang^or  town- 
ship to  the  southwest  corner  of  Green  Castle  township.     There 
are  reentrant  angles  where  the  principal  streams  ma^ke  their 
exit  from  the  measures,  with  the  exception  of  Middle  Timber 
creek;  there  being  an  extension  at  this  point.     A  prolonga- 
tion of  the  coal  measures  extends  westward  into  Iowa  and 
Liscomb  townships  and  may  have  been  at  one  time  continuous 
with  the  outlier  in  Vienna  and  Taylor  townships,  which  marks 
the  extreme  eastward  limit  of  the  Des  Moines  in  the  county. 
Outcroppings  of  the  coal  measures  are  few  and  unimportant, 
so  perfect  is  their  concealment  by  the  glacial  debris.      At 
certain  points  along  the  Iowa  river  northwest  of  Albion  on 
Honey  creek,  a  thin  coal  seam  along  with  carbonaceous  shale 
may  be  noted.     In  Timber  Creek  township  a  heavily  bedded, 
red  sandstone  appears  along  a  tributary  of  Linn  creek,  near 
the  Chicago  Great  Western  railway  on  sections  8  and    9. 
Outcrops  of  the  same  beds  may  be  observed  near  the  water 
level  on  the  Middle  Timber  in  sections  26  and  34.     Away  from 
the  margin  there  are  no  exposures  of  the  Des  Moines  in  the 
region.     The  deeper  wells  in  the  vicinity  of  State  Center 
undoubtedly  penetrate    the  coal    measures,   which    consist 
largely  of  shales.     In  sinking  a  well  for  Emanuel  Hepner, 
Tp.  85,  N.,  R.  XVII  W.,  Sec.  30,  Se.  qr.,  Ne.  i,  the  following 
sequence  of  strata  was  reported. 

vmwr,      moHiB. 
Loess  and  drift 120 

Sandy,  shelly  rock,  greenish  yello«7 .    2 

Coal 6-8 

Red  sandstone,  soft 16 

Argillaceous  limestone,  very  hard 1 

Argillaceous  shale,  light,  ash-color 13 

Coal,  carbonaceous  shale  and  fire  clay 6 

Hard,  gray  limestone  (penetrated) 10 

Other  wells  in  the  vicinity  are  reported  to  exhibit  a  similar 
sequence.  The  Hepner  well  seems  to  be  near  the  center  of 
the  outlier  and  hence  the  maximum  thickness  of  the  measures 
in  this  region  may  be  taken  as  approximately  forty  feet.  The 
Des  Moines  is  doubtless  much  thicker  in  the  western  portion 
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of  the  county,  but  at  present  no  well  authenticated  records 
are  at  hand. 

Here,  as  elsewhere  in  Iowa,  the  Des  Moines  stage  of  the 
Upper  Carboniferous  consists  essentially  of  shales  and  sand- 
stones, with  occasional  layers  of  argillaceous  limestones  and 
seams  of  coal,  all  of  which  are  interbedded  in  an  intricate 
manner.  The  shales  predominate  in  Marshall  county  and 
vary  structurally  from  massive  structureless  clays  through 
clayey  shales  to  fissile  shales;  texturally  form  the  purest 
shales  through  arenaceous  shales  to  argillaceous  sandstones. 
Colors  are  equally  variable  from  the  gray- white  fire  clays  to 
the  jet-black  carbonaceous  shales. 

The  prevailing  sandstones  are  in  shades  of  red,  but  in  other 
regions,  where  better  exposed,  they  are  found  to  be  equally 
as  variable  in  physical  properties  as  are  the  shales. 

So  far  as  at  present  known  the  argillaceous  limestones  and 
coal  seams  are  sparingly  developed  in  this  territory. 

PLEISTOCENE. 

With  a  few  unimportant  exceptions  where  the  larger 
streams  have  succeeded  in  cutting  through  and  exposing  the 
older  formations,  the  Pleistocene  deposits  form  a  continuous 
mantle  over  the  entire  county.  They  are  composed  essen- 
tially of  bowlder  clays,  sands,  gravels  and  silts,  often  inter- 
bedded and  intermingled  in  a  most  complex  manner.  Bowl- 
ders are  not  uncommon  attendants  to  this  most  heterogeneous 
assemblage.  The  average  thickness  of  the  glacial  debris  on 
the  uplands  in  this  region,  is  upwards  of  100  feet,  and  the 
present  surface  features  are  sculptured  almost  wholly  in  this 
material.  At  certain  points  in  the  county  much  greater  depths 
are  attained.  In  Eden  Tp.  on  the  northwest  quarter  of 
section  8,  190  feet  was  reported;  Jefferson  Tp.,  Sw.  qr. 
of  Sec.  22,  220  feet;  Marietta  Tp.,  Sw.  qr.  of  Sec.  25,  212  feet; 
Liscomb  Tp.,  Nw.  qr..  Sec.  22,  260  feet;  Taylor  Tp.,  Se.  qr., 
of  Sec.  1,  300  feet,  and  on  the  Sw.  qr.,  400  feet  of  drift  was 
penetrated.    In  the  latter  township  there  seems  to  be  a  rock- 


230  GEOLOGY  OP  MARSHALL  COUNTY. 

bound  gorge  trending  northeast-southwest,  bisecting'  sections 
1  and  11,  and  more  than  a  half  mile  in  width.     The  southern 
wall  oi  the  gorge  is  apparently  very  abrupt,  while  tlie  north 
wall  rises  gradually.     The  rock  rises  to  seventy  or  eighty 
feet  of  the  surface  within  half  a  mile  southeast  of  tlie  line  of 
the  gorge.     Northward  the  rock  is  reached  190  and  180  feet 
below  the  surface  on  the  Sw.  and   Nw.  qrs.  of  section  2, 
respectively.     The  inequality  of  the  slopes  of  this   buried 
channel  is  analogous  to  that  of  the  great  majority  of  the  Iowa 
streams  of  the  present  day.    The  south  flank  is  almost  uni- 
versally the  more  abrupt.  * 

Although  there  are  occasional  hints  of  preglacial  channels 
and  depressions,  none  can  be  mapped  definitely,  and  the  gren- 
eral  testimony  of  the  drift  wells  is  that  the  preglacial  topog- 
raphy was  milder  than  that  of  the  present  time.  The  type  of 
topographic  maturity,  the  pure  plain,  is  suggested. 

Marshall  county  has  been  subjected  to  at  least  three  and 
perhaps  four  distinct  ice  invasions,  separated  by  intervals 
of  vigorous  erosion  and  surface  corrugation,  or  surface  silt- 
ing.    The  first  two  ice  sheets  were  followed  by  gravel  trains, 
while  the  last  two  were  succeeded  by  intervals  of  surface 
silting  and  alluvium  forming,  respectively.     The  sequence  of 
events  may  be  described  briefly  in  chronological  order,  and 
the  corresponding  deposits  arranged  stratigraphically  as  fol- 
lows. 

8.    Deglaciation  and  erosion Recent  (Alluvium  in  part.) 

7.    Glaciation    (western     miirgin 

of  county) Wisconsin  till. 

6.  Deglaciation  and  surface  silt- 
ing   Loess. 

5.    Glaciation  (northeast  corner).  lowan  till. 

4.  Deglaciation  and  vigorous  ero- 
sion  Buchanan  gravels. 

3.    Glaciation  (general) Kansan  till. 

2.    Deglaciation  and  erosion Af  tonian  gravels. 

1.    Glaciation Sub-Aftonian  till. 

*  The  writer  is  indebted  to  Mr.  Harry  Weatherby  for  the  records  in  Taylor  township.  The 
data  is  based  on  drillers*  notes  or  derived  from  a  personal  interirlews  with  the  respective 
land-owners.  Such  evidence  must  be  taken  with  a  grain  of  allowance.  The  Kinderhook 
shales  lie  scarcely  100  ftet  below  the  general  rock  surface  and  might  easily  be  mistaken  for 
drift  clays. 
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SUB-AFTONIAN. 

No  till  sheet  below  the  Kansan  has  certainly  been  identified 
in  this  region.  At  the  Albion  mill,  about  ten  miles  northwest 
of  Marshalltown,  the  following  sequence  of  deposits  may  be 
observed,  the  basal  members  of  which  are  pre-Kansan,  and 
may  be  the  equivalent  of  the  sub-Af  tonian. 

ALBION  SBCTION. 

rasT. 
6.    Loess,  stratified  sand  and  silt  below ..;...        20 

5.    Yellow  till,  apparantly  wanting  in  places  and  often 

represented    by  characteristic  bowlders  only. 

(lowan) O-U 

4L  Gravel,  bowlders  four  or  five  inches  in  diameter 
present,  granitic  members  often  much  decayed; 
limestone  pebbles  common;  bowlders  of  Kansan 
adorned  with  pebbles  noted.    (Buchanan) 2 

3.  Till,  upper  portion  oxidized  a  deep  reddish  brown, 
the  lower  portion  unoxidized  and  gray-blue  in 
color;  jointed  structures  prominent  throughout. 
(Kansan) 6 

2.    Sand  and  gravel,  stratified,  coarser  below;  oxidized    • 
in  streaks  and  bands  approximately  parallel  to 
bedding  planes.    (Aftonian) 10 

1.    Blue  till*  (Sub-Aftonian) 10 

At  the  well  put  down  in  section  7,  in  Warren  township,  for 
Wm.  M.  Wallace,  the  drillers'  record  is  as  follows: 


Yellow  clay  (loess,  lowan  and  oxidized  portion  of  Kan- 
san)  :.  30 

Blue  clay  (Kansan) 40 

Sand  and  gravel  (Aftonian?) 30 

Blue  clay  (Sub-Aftonian?) 60 

The  above  records  at  least  suggest  the  presence  of  the  pre- 
Kansan  till  sheet,  but  additional  data  are  necessary  before 
more  explicit  statements  can  be  made  concerning  its  charac- 
teristics and  distribution. 

AFTONIAN. 

At  the  base  of  the  Albion  section  ten  feet  of  stratified  sand 
and  gravels  may  be  observed.     These  beds  were  laid  down, 

*  Not  exposed,  but  B.  W.  Sheets  reports  ten  feet  of  bowlder  clay  penetrated  in  sinking  the 
abutments  for  the  bridge. 

SOG.Bep. 
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in  large  part,  through  the  agency  of  running  water.  Alany  of 
the  pebbles  and  small  bowlders  bear  polished,  striated  or 
facetted  surfaces,  yet  the  granitic  members  are  oftentimes  in 
an  advanced  stage  of  decay.  The  relation  of  this  deposit  to 
the  Eansan  is  imquestionable,  because  till  of  the  Kansan  ag'e 
rests  immediately  upon  these  beds.  Gravels  similarly^  related 
to  the  Kansan  have  been  reported  from  various  parts  of  the 
county,  and  the  maximum  thickness  attained  is  about  tliirty 
feet. 

The  presence  of  a  well  marked  terrane  consisting  of  sands 
and  of  gravels,  many  of  the  pebbles  and  small  bowlders  of 
which  bear  the  immistakable  imprints  of  glaciation,  almost 
necessitate  a  pre^xistant  glacier  and  its  imiversal  product,  the 
till  sheet.  A  priori^  this  fact  in  itself  would  be  sufficient  rea- 
son for  suspecting  the  presence  of  pre-Kansan  glaciation  (sub- 
Aftonian  drift  sheet). 

KANSAN. 

The  Kansan  ice  covered  the  entire  area  under  consideration 
and  extended  far  southwestward  into  Missouri  and  Kansas, 
receiving  its  name  from  the  latter  state.  As  a  till  producer 
this  great  ice  sheet  is  without  a  rival,  and  the  elements  of  the 
present  topographic  features  are  boldly  outlined  in  the  till  of 
this  sheet. 

The  Kansan  drift  is  composed  essentially  of  bowlder  clays 
containing  pockets  of  sand  and  gravel  and  occasional  bowl- 
ders of  moderate  size.  The  coloration  is  almost  wholly  due 
to  the  state  of  oxidation,  and  the  formation  may  be  divided 
arbitrarily  into  an  upper  oxidized  portion  and  a  lower  unoxi- 
dized  portion.  The  oxidized  zone  varies  in  color  from  a 
bright  yellow  to  a  deep  reddish  brown,  while  the  unoxidized 
portion  assumes  some  shade  of  blue,  and  constitutes  the  blue 
clay,  hard  pan,  etc.,  of  drillers.  The  degree  of  leaching  to 
which  these  beds  have  been  subjected  varies  greatly,  and 
approximately  keeps  pace  with  the  process  of  oxidation.  In 
the  cuts  along  the  Chicago  Great  Western  railway  on  sections 
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8  and  17,  in  Timber  Oreek  township,  these  facts  are  beauti- 
fully illustrated.  The  maximum  thickness  of  Kansan  till 
exposed  here  is  about  fifteen  feet,  covered  with  3  to  10  feet  of 
loess,  the  latter  being  the  thickest  upon  the  hill  flanks.  Near 
the  line  of  contact  the  till  is  a  deep  red-brown  in  color  and 
thoroughly  leached.     Passing  downward,  the  color  becomes 

.  lighter  and  the  leaching  less  perfect.  The  lower  five  feet  of 
the  partially  oxidized  zone  is  of  a  faded  yellow  color,  and 
lime  concretions  similar  to  those  found  in  the  loess  which 
mark  the  incipitent  stages  of  leaching  are  very  abundant. 

The  pebbles  and  bowlders  consist  chiefly  of  granites,  green- 
stones and  gneisses.  In  the  eastern  half  of  the  county  frag- 
ments of  limpid  quartz  and  cherty  limestones  are  very  com- 
mon,  while  quartzites  occur    infrequently.      Many  of    the 

.  bowlders  are  fractured  and  striated.  The  granites  and 
gneisses  often  crumble  on  exposure.  Fragments  of  conifer- 
ous wood  are  not  uncommon  inclusions  in  the  lower  portion 
of  the  formation. 

The  Kansan  till  covers  the  whole  county  save  where  it  has 
been  removed  by  erosive  agencies.  The  thickness  of  the 
sheet  varies  from  a  few  feet,  where  it  caps  the  outliers  of  the 
Kinderhook  to  more  than  one  hundred  feet  in  the  uplands  of 
the  south'and  west,  with  an  average  thickness  of  little  less 
than  the  latter  figure.  The  oxidized  portion  is  usually  rather 
more  than  ten  feet  thick. 

BUCHANAN. 

The  retreat  of  the  Kansan  ice  was  closely  followed  by  a 
season  of  vigorous  erosion  and  a  working  over  of  the  newly 
deposited  drift.  This  was  a  time  of  gravel  accumulation. 
Well  rounded  bowlders  of  Kansan  till  are  found  in  these 
gravel  beds  and  may  be  taken  as  evidence  of  the  still  frigid 
climate,  for  it  is  reasonable  to  presume  that  fragments  of 
clay  would  not  permit  attrition  and  transportation  unless 
frozen.  At  Albion  these  gravels  attain  a  thickness  of  about 
two  feet  and  are  typically  developed.    They  are  very  much 
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coarser  at  this  point  than  those  referred  to  the  Aftonian. 
The  gi'avels  near  Gifford  are  probably  of  the  same  age,  but 
are  tiner  textured  and  distinctly  stratified.  During-  the 
remainder,  and  by  far  the  greater  portion  of  the  inter-glacial 
interval,  the  surface  was  profoundly  eroded,  oxidized  and 
leaohed. 

lOWAN. 

The  lowan  ice  traversed  the  northeast  part  of  Marshall 
county  and  left  eWdenoe  of  its  risit  in  the  fonn  of  a  thin 
shtvt  of  till,  and  a  goodly  sprinkling  of  bowlders,  some  of 


■fthiih  a-ro  .m'  ori.irm.-'us  size-  Pr.Mte  the  KaTtsaiL  the  lowaa 
oi-vnMi^.:u->a  >tin  I'n "lo  bv"'W!c3t>r  ciay.  Hicpi^ures  of  lowan  till 
nia\  bo  ohscrwiT .11  l-bf  A.>noTiic;V!j^K-oc'tltiii,lijecnt*aloiigtbe 

Win  "W  ,,  HT>i^  viiT-M,;*  iViftitis  bfiweei  seciioBS  3>  KD^  6,  TjL 
>4  \..  "R.  \\  -jI^"^.  T:.i>- i>;:'t  j^hoel  iicveT  ai.iajiK  more  than  a 
;r«-  jori  ;r,  ii.i.'Vix^ss.  •.i1^^.  c^vor  •pcr'nur^  TJw  rr^aier  partKm 
of  ihf  ftT^v*.  \Uc  b.w  '^iT*.,  Ti.ar.T  .1:  vhui  wcurweH  151  the 
)■..'.",  fl:.r,ks.  fc'TY  ihf  .>r.\  w  Mn-s&io  o!  ;:<- iirftpfoic^-  ThelowMi 
v.V,  is  ;;ch;  1,--  ir-.ci.i  y-,. .'..■«  :i.  ;..n,-i:  aiu.  is  imiHrfew^  oiidiaed 
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acter  of  the  Kansan.  The  bowlders,  both  great  and  small, 
are  prevailingly  granites,  and  are  much  fresher  than  those 
common  to  the  older  drifts. 

Th6  lowan  ice  was  undoubtedly  thin  in  this  region,  and  the 
extreme  advance  of  the  attenuated  edge  is  probably  approx- 
imately outlined  by  the  Iowa  river,  but  no  bowlders  were 
observed  on  the  flood  plain  below  Albion. 


The  loess  is  a  homogeneous,  siliceous  silt  varying  from 
light  buff  to  a  brownish  buff  in  color.  It  in  some  measure 
resembles  the  drift  after  the  coarser  and  finer  materials  have 
been  removed.    The  constituent  particles  vary  in  size  from 


Fio.  n.   Stratlfled  loeae,  la  cl&;  pit  ot  Bles  and  Blie,  west  of  Uarah&lltoi 
Central  railway. 


the  finest  silt  to  fine  sands  and  usually  present  sharp  angles. 
Lime  concretions,  losspuppen  and  Imsmanchen,  are  often  pres- 
ent in  great  numbers.  Structurally,  the  deposit  is  uniformily 
massive,  although  in  many  exposures  stratification  lines  are 
plainly  visible.  Typical  loess  possesses  the  peculiar  physical 
property  by  virtue  of  which  it  tends  to  maintain  a  vertical 
scarp,  regardless  of  its  apparently  incoherent  character,  and  it 
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thereby  greatly  sharpens  the  contour  lines  of  the  regions  thus 
clothed. 

With  the  exception  of  the  territory, covered  by  the  TViscon- 
sin  till  and  a  small  area  near  the  northeast  comer,  the  loess 
mantles  the  entire  county,   irrespective  of   altitude,    save 
where  removed  by  the  streams.     It  is  thickest  in  the  vicinity 
of  the  probable  margin  of  the  lowan  ice,  that  is  along*  the 
Iowa  river,  where  it  attains  a  maximum  vertical  measurement 
of  upwards  of  twenty  feet.     In  this  region  the  deposit  always 
grades  downward  imperceptibly  *  into  stratified  sands.       The 
loess  is  relatively  both  thicker  and  sandier  near  the  g^reater 
waterways  than  upon  the  uplands.     On  many  of  the  hills  near 
the  Iowa  and,  in  a  less  degree,  its  greater  tributaries,    the 
upper  silt  has  been  removed  and  the  sub-loessial  sands  com- 
prise the  present  surface.     This  is  notably  true  of  the  hills 
south  of  Albion  and  in  Marshalltown  and  vicinity.     The  Chi- 
cago Great  Western,  crossing  the  divide  between  Linn  and 
Timber  creeks,  lays  bare  some  interesting  facts  conceming* 
the  distribution  of  the  loess.     While  all  of  the  hills  are  wholly 
loess  mantled,  the  deposit  gradually  thickens  from  the  summit 
to  the  slopes  and  is  largely  dissected  out  in  the  valleys. 

The  quarries  near  Le  Grand  expose  from  15  to  20  feet  of 
loess  which  is  slightly  sandy  above,  loess  and  sand  interstrat- 
ified  in  the  middle,  and  almost  pure  sand  at  the  base  of  the 
section.  Loess  concretions  and  fossils  were  not  noted.  At 
the  clay  pits  west  of  Marshalltown,  the  loess  is  beautifully 
stratified  throughout  and  becomes 'more  siliceous  below. 
Lime  concretions  occur  sparingly,  but  no  fossils  were  found. 
The  above  section  may  be  considered  typical  for  the  imme- 
diate vicinity  of  the  Iowa  river.  Two  miles  west  of  Marshall- 
town  a  road  cut  exhibits  the  following  section. 


Typical  loess,  slightly  arenaceous  below 6  to  8 

Interstratified  sand  and  loess,  exposed 4 

Fossils  are  abundant  in  the  upper  portion  and  persist  in 
diminished  numbers  where  lines  of  stratification  are  appar- 
ent.    The  principal  species  identified*  are  listed  below. 

*  Professor  Shlmek  kindly  Identified  the  fossils  found  In  the  loess. 
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Succinea  avara  Say,  very  abundant. 

Sticoinea  ohliqua  (Say). 

Zonites  shimekii  Pilsbry. 

Patula  striatella  Anthony. 

Vcdlonia  pvlchella  Mueller. 

Zonites  fulvu8  Draper. 

Pupa  muscorum  Linnaeus. 

Papa  alticola  Ingersol. 

Pupa  pentadon  Say. 

One-half  mile  south  of  Bangor,  fifteen  feet  of  loess  are 
exposed.  The  lower  portion. is  filled  with  root  easts,  the 
largest  of  which  measure  an  inch  and  a  half  in  diameter. 
The  matrix  consists  of  interstratified,  light  colored  sand  and 
silt,  the  result  of  the  removal  of  the  iron  constituents  and 
the  concretionary  casts.  Numerous  concretions  and  fossils 
occur  in  the  upper  portion,  the  most  common  fossils  observed 
being: 

Succinea  avara  Say,  very  abundant. 

Pupa  pentadon  Say. 

Pupa  muscorum  Linnaeus. 

Helicodiscus  liaeatus  Say. 

About  one  and  one-half  miles  north  of  State  Center  the- 
above  section  is  almost  perfectly  duplicated  in  all  particulars. 
Fossils  were  noted  in  the  clay  pits  at  Rhodes  and  Melbourne 
and  other  points,  but  whenever  observed,  Succinea  avara  Say 
constituted  more  than  one-half  the  specimens. 

Ongin  of  the  loess. — Even  since  the  publication  of  von 
Richthofen's  "China,"  with  the  description  of  the  Chinese 
loess,  and  the  formation  of  the  ''iEolian  Hypothesis"  by  that 
distinguished  geologist  and  writer,  the  origin  of  this  most 
anomalous  deposit  has  been  a  fruitful  subject  for  hypotheses 
both  in  this  country  and  in  Europe.  It  is  not  intended  in  the 
present  discussion  to  espouse  any  particular  theory,  but 
rather  to  record  the  more  salient  features  of  the  Marshall 
county  loess  and  suggest  their  probable  significance. 
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The  stratified  sub-loesaial  sands  and  interstratifled  sand 
and  silt  render  plausible  a  subaqueous  origin.  But  whether 
these  conditions  were  brought  about  by  a  general  depression 
of  the  surface  and  consequent  ponding  of  the  streams,  or  by- 
drainage  obstructed  through  the  existence  of  an  ice  dam,  the 
facts  at  hand  do  not  warrant  a  conclusion.  The  general  dis- 
tribution of  the  loess,  the  absence  of  structural  characters 
peculiar  to  waterlaid  materials,  the  presence  of  land  mol- 
lusks,  some  of  which  are  now  native  even  to  arid  regions, 
certainly  lend  credence  to  an  eeolian  hypothesis.  The  angu- 
larity of  the  constituent  particles  has  also  been  considered 
favorable  to  wind  as  the  transporting  agent.  The  validity  of 
this  inference  is  not  well  founded.  It  is  an  established  fact 
that  while  the  coarser  sand  grains  are  usually  rounded  through 
mutual  attrition  and  impingement  against  obstructions,  the 
cushioning  action  of  the  water  adequately  protects  the  finer 
sands  and  silts  so  that  they  maintain  their  angularity  though 
transported  great  distances. 

WISCONSIN. 

The  Wisconsin  ice  was  represented  in  Iowa  by  a  great 
tongue-shaped  lobe,  whose  apex  reached  Des  Moines,  and 
which  by  a  flank  movement  invaded  the  western  border  of 
Marshall  county.  The  accompanying  till  sheet  is  second  only 
to  that  of  the  Kansan.  The  upper  portion  of  the  Wisconsin 
till  is  slightly  oxidized  to  a  faint,  dull  yellow  color  and  is 
succeeded  downward  by  a  blue  bowlder  clay  less  massive 
than  that  of  the  Kansan.  Samples  of  both  the  oxidized  and 
unoxidized  portion  effervesce  freely  when  treated  with  cold, 
dilute  hydrochloric  acid.  Lime  balls  are  very  abundant  in 
many  places.  Bowlders  are  much  more  numerous  in  this 
region  than  in  any  of  the  older  drift  sheets,  but  are  of  smaller 
size  than  those  of  the  lowan  age.  The  predominating  types 
are  gray  and  red  granites,  with  less  abundant  quartzites  and 
gneisses.  Basic  rocks  are  comparatively  rare.  The  bowlders 
present  a  strikingly  different  aspect  from  those  peculiar  to 
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the  subjacent  Kaosan,  being  as  fresh  as  when  they  were 
broken  from  the  parent  ledge. 

ALTAHONT  MORAINB. 

The  limits  of  the  Wisconsin  lobe  are  marked  in  many  places 
by  a  hummoeky  aspect  of  the  sprfacewith  "kettle  holes"  and 
ponds  liberally  interspersed.  This  is  the  place  where  the 
melting  glacier  dumped  its  load  of  rock  debris,  which  had  been 
gathered  during  its  journey  from  the  far  north  and  is  techni- 
cally known  as  the  terminal  moraine.     In  Marshall  county 


na.  St.  Typlc*!  Vlseonsindiitt 


the  terminal  moraine  is  but  feebly  developed.  West  of  State 
Center  is  the  nearest  approach  to  a  moraine  in  the  region. 
Although  distinctively  morainie  characters  are  but  mildly 
expressed,  the  decided  change  in  general  surface  configura- 
tion in  passing  from  the  older  to  the  newer  drift,  facilitates 
the  easy  establishment  of  the  boundary  of  the  Wisconsin  lobe. 

QLACIAI.  SCOBINQa. 

The  salient  portions  of  the  Kinderhook  at  Le  Grand  and 
Timber  Creek,  and  the  coal  measure  sandstone  on  section  8, 
Tp.  83  N.,  R.  XVIII W.,  have  been  deeply  planed  and  striated 
by  the  great  ice  sheets  which  traversed  these  regions.    The 
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surface  in  all  cases  faces  north,  and  all  of  the  points  are  sit- 
uated on  the  south  bank  of  the  Iowa  river  and  the  tributaries 
mentioned.     No  examples  of  rock  scoring  could  be  found  on 
the  opposite  side  of  the  flood  plain.     This  may  be  considered 
additional  evidence  as  to  the  preglacial  character  of  tJie  prin- 
cipal waterways.     The  northern  slopes  are  protected  by  an 
accumulation  of  talus,  while  the  southern  flanks  have  been 
scraped  clean  of  the  rock  debris  and  profoundly  planed  ow^ing* 
to  a  change  in  the  gradient.     The  scorings  and  finer  strias 
were  hermetically  sealed  by  a  layer  of  impervious  blue  clay 
and  their  state  of  preservation  approaches  perfection.      At 
Le  Grand  the  striae  trend  south,  24"^  east;  at  Timber  Creek  they 
trend  south,  25^  east;  at  Sec.  8,  Tp.  83  N.,  R.  XVIII W.,  south, 
20°  east. 

ALLUVIUM. 

The  alluvium  is  an  important  deposit  in  Marshall  county. 

All  of  the  principal  streams  on  the  older  drift  sheets  floiv 

through  alluvial  bottoms,  while  the  Iowa  river  traverses   a 

belt  of  this  deposit  which  averages  more  than  a  mile  in  width. 

Most  of  the  deposits  which  are  mapped  as  alluvium  are  not 

wholly  riverlaid  material,  but  rather  a  mixture  of  loess  and 

fluviatile  deposits.     Many  of  the  streams  have  been  alluvium 

making  since  the  retreat  of  the  Kansan  ice.     Northeast  of 

Marshalltown  on  the  broad  bottomland  of  the  Iowa,  the  finer 

debris  has  been  removed  in  large  part  and  extensive  sand 

flats  result. 

Geological  Structure. 

The  Kinderhook  beds  constitute  a  conformable  series  but 
are  overlain  unconformably  by  the  Des  Moines  series.  After 
the  deposition  of  the  Lower  Carboniferous  rocks,  the  general 
upward  movement  of  the  continent  brought  the  whole  of 
Marshall  county  above  the  level  of  the  great  Mediterranean 
sea  to  the  southwest.  Then  followed  an  extended  interval 
of  denudation.  The  youthful  surface  was  set  upon  by  the 
erosive  agents  and  dissected  by  streams  until  the  physi- 
ography of  the  region  was  as  strongly  characterized  as  is  the 
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present  configuration.  This  was  fol-  g 
lowed  by  a  season  of  depression  until  i|^ 
the  valleys  were  submerged,  anH  finally  S'o  j 
perhaps,  the  whole  surface  of  the  ?%f 
county  was  near  or  below  sea  level  and  ?^a 
received  contributions  of  sands,  silts  g'-jg 
and  clays,  with  some  vegetable  debris,  ^fo 
which  were  lain  down  unconformabiy  Bfj 
upon  the  older  rocks.  The  deposits  "Sl 
were  compacted  into  sandstones,  shales  t^f 
and  coal  seams,  and  constitute  the  coal  It- 
measure  series.  The  irregiUarity  of  5^? 
the  outline  of  the  present  Carbonifer-  |g| 
ous  deposits  is  due  to  the  irregularities  Ib  ^ 
of  the  preexisting  surface.  This  period  '  gt 
of  deposition  was  closed  by  reelevation  I5 
the  surface  which  was  profoundly  eroded  g-i* 
through  an  immense  interval  of  time;  |g 
through,  perhaps,  the  whole  Mesozoic  gf 
and  the  greater  portion  of  the  Cenozoic  || 
eras.  The  Pleistocene  deposits  lie  •." 
unconformabiy  upon  all  of  the  Paleo-  gg 
zoic  rocks  and  each  drift  sheet  rests  ^| 
unconformabiy  upon  its  predecessor.  Sf 
Although  the  surf  ace  may  have  oscil-  |? 
lated  up  and  down  many  times,  the  I? 
movement  was  continental  and  the  If 
strata  are  consequently  approximately  Sq 
parallel.  H 

ECONOMIC  PRODUCTS.  |6 

Building  Stone.  ~% 

PS 

As  has  been  said,  the  stratified  rocks  s?. 

belong  wholly  to  the  Paleozoic  era;  and  im 

the  Mississippian  and  Pennsylvanian  ^ 

series  underlie  about  equal  areas  in  the  f  g 


L^ai« 
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county.  The  former  consists  essentially  of  limestones.  The 
principal  outcrops  where  quarry  operations  have  been  carried 
on  are  in  the  vicinity  of  Quarry  and  Le  Grand,  along*  the  Kin- 
derkook  escarpment,  and  and  on  Timber  creek.  The  Penn- 
sylvanian  series  consists  chiefly  of  shales,  and  a  dull  red  sand- 
stone is  the  only  stone  worthy  of  mention  in  this  connec- 
tion. 

KINDERHOOK. 

The  most  valuable  quarry  products  in  the  county  are  derived 
from  the  basal  member  of  the  Mississippian  series.  In  the 
southeastern  portion  of  the  state  there  are  extensive  outcrops 
of  rocks  of  Kinderhook  age,  which  consist  chiefly  of  shales. 
In  central  Iowa,  and  in  Marshall  county  in  particular,  the 
Kinderhook  beds  take  on  a  calcareous  f acies  and  afford  some 
of  the  best  building  stone  to  be  found  in  the  state.  These 
beds  are  the  more  valuable  because  of  their  availability. 
The  principal  outcrops  are  located  near  the  main  lines  of  the 
Chicago  &  Northwestern  and  Iowa  Central  railways.  The 
overlying  glacial  deposits  are  comparatively  thin  and  may  be  .  I 

removed  at  a  minimum  expense.   The  principal  layers  sought  j 

are  the  oolite  and  magnesian  limestone,  but  the  entire  series  || 

is  utilized. 

LE  GRAND  QUARRY  COMPANY. 

The  pioneer  in  the  quarry  industry,  as  well  as  the  largest 
company  operating  in  the  county  at  the  present  time,  is  the 
Le  Grand  Quarry  Co.  with  their  central  office  in  Mar- 
shalltown.  The  company  owns  and  operates  quarries  at 
Quarry,  Rockton  and  Timber  Creek. 

Quarry. — Three  quarries  are  connected  with  the  C.  4&  N.- 
W.  Ry.  by  branch  lines  at  this  point.  Active  operations  were 
begun  as  early  as  1860,  when  a  limited  quantity  of  building 
stone  and  lime  was  produced.  Two  years  later  the  railway 
tracks  were  extended  into  the  quarries,  and  the  company  has 
maintained  a  steady  growth  since.  The  manufacture  of  lime 
was  discontinued  some  years  ago. 
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The  quarry  plant  is  provided  throughout  with  the  most 
approved  machinery.  The  equipment  consists  of  steam 
crusher,  gang  mills,  steam  drills,  derricks,  lathes  and  planers; 
and  quarrying  and  stone  working  is  carried  on  most  expedi- 
tiously and  according  to  modem  methods.  The  Le  Grand 
beds  in  their  entirety  have  been  exploited  to  some  extent, 
though  the  position  of  the  blue,  sandstone  renders  it  almost 
unavailable  at  present.  (See  Le  Grand  section.)  The  oolite 
and  upper  magnesian  limestone  layers  aflford  the  most^valu- 
able  products,  although  the  chert  beds  and  rubbly  limestone, 
along  with  the  debris  consequent  to  quarry  operations,  are 
worked  up  into  riprap,  concrete,  ballast,  etc.,  and  constitute 
an  important  source  of  revenue  to  the  company. 

The  chief  building  stones  put  upon  the  market  are  known 
commercially,  as  oolite  limestone,  Iowa  marble,  Iowa  caen 
stone  and  blue  limestone. 

The  basal  blue  sandstone  has  not  been  suflSciently  explored 
and  tested  to  such  an  extent  as  to  allow  its  merits  as  a  build- 
ing stone  to  be  stated  definitely.  Small  quantities  of  the 
stone  have  been  removed  from  the  east  quarries,  and  certain 
blocks  are  now  being  tested  as  pavers  in  the  streets  of  Mar- 
shalltown  with  some  promise  of  satisfactory  results. 

There  are  two  grades  of  oolitic  limestones.  The  lower 
layer  measures  three  and  one-half  feet  in  thickness  and  is 
coarse  grained.  The  upper  twelve  feet  is  finer  textured  and 
consists  of  layers  of  the  following  thicknesses,  respectively, 
from  below  upwards:  24,  26,  36,  6,  9,  8,  12  and  14  inches. 
The  oolite  is  quarried  only  at  the  two  east  quarries,  the  dip 
of  the  beds  and  the  slope  of  the  river  carrying  the  layers 
below  the  bed  of  the  stream  before  the  west  quarry  is  reached. 
Formerly,  the  coarse,  heavy  basal  layer  was  used  for  con- 
structional purposes,  but  of  recent  years  experience  has 
demonstrated  that  it  suffers  disintegration  when  exposed 
for  a  season  to  atmospheric  conditions.  The  fine-grained 
layers  are  close,  even-textured  and  stand  the  test  of  time  well. 
This  is  not  only  shown  in  artificial  structures  where  the 
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blocks  have  maintained  their  angularity  against  sunshine  and 
storm  for  upwards  of  a  quarter  of  a  century,  but  better  still 
in  the  natural  exposures  where  these  layers  stand  out  in  bold 
relief.    The  oolite  is  composed  of  small,  rounded,  concretion- 
ary calcareous  grains  imbedded  in  a  semi-crystalline  matrix 
of  cementing  material  of  the  same  composition.      Many  of  the 
concretions  contain  small  angular  siliceous  grains.     The  unal- 
tered rock  is  of  a  gray-blue  color,  while  the  vireathered  por- 
tion assumes  a  yellowish  hue.     Certain  of  the   layers  are 
highly  f  ossilif  erous  and  as  the  rock  takes  a  hig^h  polish  the 
beautiful  effects  are  much  enhanced,  and  this  variety  is  known 
commercially  as  fossilite  marble.     Such  slabs  need  to  be  col- 
lected with  some  care,  for  small  grains  of  iron  pyrites  are 
often  present  and  produce  black  stains  when    subject   to 
moisture. 

The  upper  portion  of  the  magnesian  limestone  furnishes 
both  the  Iowa  '^marble"  and  the  Iowa  *'caen  stone,''  the 
former    containing  a  higher  percentage  of    MgCO,.      The 
Iowa  marble  occurs  in  heavy  beds  from  two  to  three  and 
a  half  feet  in  thickness.     The  slightly  weathered  portions  are 
plain,  light  buff  in  color,  while  the  weathered  layers  are  of  a 
a  deeper  color  and  beautifully  veined  with  iron  oxide.     The 
stone  receives  a  high  polish,  but  like  other  limestones  does 
not  retain  it  when  exposed  to  atmospheric  agencies.     It  is 
very  desirable  for  panelling  and  all  parts  of  inlaid  work  when 
kept  dry,  aside  from  its  qualifications  as  a  first  class  building 
stone. 

The  caen  stone  is  similar  in  color  to  the  marble,  but  is 
softer,  more  tenacious  and  of  lower  specific  gravity.  It  is 
especially  adapted  for  carvings  and  molding. 

A  ledge  of  blue  limestone  lies  between  the  chert  beds  and 
the  oolite  and  also  immediately  above  the  chert  beds.  This 
limestone  is  very  hard,  compact  and  somewhat  irregularly 
bedded,  which  renders  quarrying  and  working  T«4^ii«'  difficult. 
The  stone  is  used  to  some  extent  as  a  coursit^  ;<*»e  and  is 
very  durable,  but  its  untractable  character  fW'^*^  its  pro- 
duction expensive  and  it  is  mainly  used  «  ^|^J^^*^ 
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The  brown  subcrystalline  limestone  with  its  interstratifled 
Oolitic  layers  affords  some  coursing  stone  and  would  be  con- 
sidered desirable  for  foundations  in  regions  where  building 
stone  is  scarce,  but  by  far  the  greater  quantity  is  transported 
to  the  crusher. 

BockUm. — Active  quarry  operations  have  not  been  carried 
on  at  this  point  for  several  years.  The  beds  worked  com- 
prise the  brown  subcrystalline  limestone  with  the  inter- 
bedded  oolitic  layers  and  the  upper  layers  of  the  r 
limestone.  The 
characteristics  of 
the  beds  exposed 
here  are  similar 
to  their  equiva- 
lents at  Quarry. 
The  upper  oolite 
is  perhaps  heavier 
bedded  and  more 
important  than  at 
the  last  mentioned 
place. 

Timber  Greek. — 
The  Le  Grand 
Quarry  Co.  has 
been  developing 
rapidly  their  quar- 
ry interests  at  this 
point  during  the 
past  few  years.  A 
side  track  is  laid 
in  from  the  Iowa 
Central  railway 
and  the  plant  is 
well  equipped  with 
modem  machin- 
ery.  The  beds  operated  are  the  same  as  those  at  Quarry  from 


FiO.  SS.  TbB  Le  Oruid  b«d»  ■■  eisosed  on  Timber  creek 
Iowa  Oeutial  nllirm;  ctosiIiik.  The  secUou  Ib,  1q 
KlODgthellneof  ankturnl  flasnre  ftni]  llluitrkta*  the  < 
eDtiA  weatherlDg  rt  the  bedi.  1,  Blae  llmeetonei  1, 
oOtttei  3,  broirn  And  gr»7  ■ubcrjstalU&e  llmenoDe. 
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the  magnesian  limestone  upwards.  As  has  been  mentioned, 
the  magnesian  limestone  differs  in  color  from  its  JiomologTie 
at  Quarry  and  Roekton.  At  the  latter  places  shades  of  buff 
prevail,  while  at  the  Timber  Creek  quarries  the  chief  beds  are 
a  gray-blue  with  occasional  layers  in  part  light  yellow^-  The 
fact  is  emphasized  that  the  predominating  color  in  tlie  unal- 
tered L#e  Grand  beds  is  a  gray-blue,  which  is  changed  to  tones 
of  buff  and  yellow  through  weathering  agencies.     Here,  as  in 


Pia.  W.   OliftrBCt«lsUcfr«ctnTMOl  LeOraadballdlDg  ttooe.   Upper  ion,  oOllle;  lower  n 


other  places,  the  magnesian  layers  succumb  less  readily  to 
disintegrating  forces  than  the  associated  beds. 

The  upper  oolite  and  brown  suberystalline  limestone  are  of 
more  importance  here  than  at  the  exposures  along  the  Iowa 
river. 

The  Le  Grand  Quarry  Co.  employ  on  an  average  200  men 
during  the  working  season,  and  the  daily  output  is  about 
a  train  load. 
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TESTS  OF  THE  LE  GRAND  STONE.* 

The  principal  varieties  of  the  Le  Grand  stone  were  sub- 
jected to  three  series  of  tests,  viz: 

1.  Strength  and  ratio  of  absorption  to  determine  the  com- 
pactness  of  the  stone,  and  hence  its  ability  to  withstand  the 
atmospheric  agencies. 

2.  Freezing  and  thawing  alternately,  and  carefully  noting 
the  loss  in  weight  and  strength;  and  hence  determining  the 
tendency  of  the  stone  to  disintegrate  or  weaken  under  the 
action  of  frost. 

3.  Chemical  analysis  to  determine  the  relative  amounts  of 
desirable  and  deleterious  constituents  present. 

In  previous  investigations  on  building  stones,  rectangular 
blocks  of  various  sizes  and  shapes  have  been  employed.  The 
consensus  of  opinion  of  the  highest  authorities  on  the  subject 
at  the  present  time  favor  the  two-inch  cube  as  possessing  the 
most  convenient  dimensions  and  giving  the  most  satisfactory 
results.  In  the  present  investigation  the  two-inch  cube  was 
adopted.  Great  care  was  exercised  in  their  preparation  in  order 
to  guard  against  the  production  of  incipient  ^fractures  through 
the  impact  of  tools,  and  thereby  lessening  the  strength.  The 
blocks  were  sawed  out  approximately  with  the  diamond  saw, 
and  then  reduced  to  the  proper  dimensions  by  grinding.  The 
results  are  tabulated  in  the  subjoined  tables. 

*  The  mechanical  tests  were  made  in  large  part  by  Messrs.  G.  W.  Zom  and  J.  W.  Elliott 
nnder  the  personal  supervlBlon  of  Prof.  A.  Marston,  in  the  Dept.  of  Oivll  Bngineerlng  of  the 
Iowa  Agrlcnltnral  Oollege.  The  chemical  analyses  were  made  for  the  saryey  by  Prof.  O.  B, 
Patrick. 


21  O.  Rep. 


GEOLOGY  OP  MARSHALL  COUNTY. 

-us  C     ^t 

ii  IP  If 

Si  asi   'i 

-1  Pj  H 

Is  ^1*  S* 

•d  13 -s -a -o  £■-  55bs4;hS 


3s 


53 
P 


'aooiBnamjp  oavjjns 


iiiisiiia^ 


;ilil§ 


S3SS&S  :S 


sgsg 


1118^19 


§lig 


sss" 


ii§§ 

s'ssss 


SSSSSSSSSSSS3S3  3£Si 


SSS33S8S3SSSSSSS 

r-H e^ !-■  i-> cj si ej  ^  eleiejsl  ?j  eg  e^  e- 
HMMHHHN    H    MHHH     HhH    » 

SS8$S8SS8i88l88! 


ii 


a 

IS  i  2 

ii;: 


rl 


Hi 


•ssi^ 

W:i 

1i.s» 

:§§^ 

?l^l 

r-F^= 

13  o 

Is 


35  . 


'saoisasaqp  eavjjng 


1 1 


II 


■g||-i      I      ills   i 


[i|g||SiJi§gi|| 


I  ii||IP. 


§1111111  i  iiiiis 

2  S  SnSSvcS    ■    'BpSScSpj 


SKSS 


So  ebScbo  So3o3eoSSc» 


i  i 


O       O         iS         CQb     (a      n 


I  i 


5-5   «    S 


II 


i 

i  I 


■il 

250 


GEOLOGY  OP  MARSHALL  COUNTY. 


a 

9 


CQ 

H 

>^ 
H 

> 
< 

03 

O 

o 

B 

02 

Q 

< 

O 
O 

< 


H 
03 


oiqno  jod  iqJ9i9^ 

09  ; 
•flqi909i2  1 

'l73.b 
162.6 

1     1     lO     t 

:  :  :$  : 

1    •    1         1 

*iL(^|AVjJ9  ogj99d8 

*9J91M9Aye4    1 

"2"77" 
2.60 

1  :  ;g  i 
1  :  lei  : 

1    •    •         1 

la 

^  CD  00  " 

ft  MO 

M  Pi  ^ 

SSI 


O 


OS  OS 


^1 


'sanoq  ^j 


'sonoq  fz 


O)  A  CD  >Q 

•       •       •        ■ 


e^coeQeiMeoeoeoi-ti-tOi-ii-ieokO 


*8Jiioq  s 


SSSSSS3SSSS33S5 

i-icoiHiHi-icoe4eooi-4000co^ 


•  jnoq  X 


kOCDO«^Qco*^^apo9e4CDe3eoo 


Oi"tr-IOfHe4f-409OO 


CI 


sis 


So 

O 
O 

OQ 
OQ 
O 


ft 


'sanoq  9 


83 


CO 


r*co«r* 

Od  CP  CO  ^ 

•       .       .       . 

cQCoeo 


■  _  _» _  _•    •  __»   ■    •    .    ■ 

OQOOOgOOO  QQ»Q 


CO  CO  CO  CO  CO  CO  CO 


•  jnoq  X 


■    . 
OQO 


COI 


Oo^ear-'^oS'^coco 


OCrOOftOQCOCOO 
I  CO  CO  CO  CO  CO  CO  CO  CO  I 


'SJtioq  0 


S-*C0OOOQOOOCpOrHCD«« 


CO 


:§: 


55  CO 


CO^QQi 
CO  CO  CO  CO  ' 


o 

OQ 

o 


u 


0) 

o 
a 

O 


08 

a* 

S 

•pH    O 

10 'O 


08 

a* 

00 

s 

08 

a 


08 
gs 

-I 


5§ 

00  5 


d 


I 

OQ 


« 


« — <  -  -   -       -   p- 

o  g  o  d  2*9  6 


o 


d 

2 


a 


Sfe 


SO§o 


•jaqmnKl  SS??3J5S5S2«^Sa?3!8 


BUILDING  STONE. 


251 


TABLE  IV. 

CHEMICAL  ANALYSES  OF  LE  GRAND  STONE. 


CONSTITUENTS. 


Hygroscopic  water  (loes  at  100^  C. ) . . 
Combined  water  (expelled  by  igni- 
tion)   

Silica  and  insoluble 

Carbonic  acid,  CO, — . 

Alumina,  Al,  O, 

Iron,  Fe,Oa 

Iron,  FeO 

Lime,  Ca  O 

Magnesia,  MgO 

Manganese  oxide  (Calc.  as  Mn  O  ) .. 
Phosphoric  acid 


Totals 


ra 

9 


U 


0.03 

0.13 

0.77 
43.62 

6.05 
None 

0.09 
65.05 

028 


100.02 


i 

B 


9 

I— I    OD 

PQ 


009 

0.21 
0.96 

43.30 
0.07 

None 
0.27 

64.85 
0.28 
0.08 


100.11 


08 
O     . 

0 
I" 


0.06 

0.16 
1.24 

43.79 
0.18 
0.16 
0.09 

50.66 
3.70 


Trace 


99  92 


0) 

u 

o8  fl§ 
O 


0.04 

0.19 
0.80 

44.86 
0.14 
0.16 
0.19 

46.42 
8.21 


Trace 


99.99 


9 

OB'S 
|8 


006 

0.12 
0.89 

44.76 
0.16 
0.31 
0.10 

46.39 
8.28 


100.06 


®  2 

2l 

08 
U 


0.04 

0.12 
1.22 

43.86 
0.14 
0.26 
0.09 

50.42 

3.96 

Trace 


100.10 


PROBABLE  COMBINATIONS. 


Water ... - .......... 

0.16 

98.80 

0.59 

0.95 

0.30 

97.96 

0.38 

1.37 

0.21 
90.28 

7.77 

1.7i 

0.23 
8L11 
17.24 

142 

0.18 
81.06 
17.39 

1.38 

0.16 

Calcium  carbonatCt  Ca  Co*......... 

90.04 

Magnesium  carbonate,  Mg  Co, 

Silica  and  silicates } 

Alumina,  iron,  oxide,  etc.  J 

8  08 
1.72 

Totals 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

CORRICK   QUARRY. 

(Tp.  84  N.,  R.  XVII  W.,  Sec  7,  Nw.  qr.  Nw.  i.) 

This  quarry  is  operated  intermitteritly  to  supply  the  local 
demand.  The  layers  worked  correspond  to  the  upper  oolite 
at  Quarry  and  are  only  used  for  foundation  work  and  rough 
masonry  in  the  immediate  vicinity.  Some  quarrying  has  been 
done  on  section  36,  Nw.  qr.,  Ne.  i,  of  the  same  township  and 
range.  About  eight  feet  of  rubbly  limestone  rests  upon  the 
upper  oolitic  layers.  The  section  here  exposed  bears  a  very 
close  similarity  to  the  beds  exposed  at  Rockton. 

The  upper  layers  of  the  Le  Grand  beds  have  been  worked  to 
some  extent  at  different  times  on  South  Timber  creek  near 
Ferguson,  on  Little  Asher  creek,  Tp.  85  N.,  R.  XVIII  W., 
Sec.  24,  and  northwest  of  Liscomb  on  the  Iowa  river.     In  all 
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cases  the  stone  was  for  local  consumption,  and  tlien  only  for 
the  roughest  grades  of  masonry. 

SAINT  LOUIS  LIMESTONE. 

CHAPIN  QUABBY. 

James  Spear  operates  a  quarry  on  land  owned  by  O.  B. 
Chapin  of  Union.  The  stone  produced  is  a  close  textured, 
ash-gray  limestone,  which  exhibits  a  hackly  fracture  and  con- 
tains small  siliceous  concretions,  with  little  iron  pjrrites  in 
streaks  and  patches.  The  quarry  is  operated  only  to  supply 
the  local  demand,  but  the  product  is  apparently  a  durable 
stone. 

DBS  MOINES. 

The  coal  measures  in  Marshall  consist  chiefly  of  shales.     A 
heavy  bedded  sandstone  appears  in  Timber  Creek  township, 
and  has  been  developed  to  a  limited  extent.     Quarries  have 
been  opened  on  sections  8  and  9,  and  a  considerable  quantity 
of  stone  suitable  for  the  roughest  grade  of  masonry  has  been 
quarried.     The  sandstone  is  dark,  reddish  brown  in  color,  and 
apparently  durable.     At  present  only  the  upper  layers  have 
been  explored.     The  lower  layers  are  more  evenly  bedded 
and  give  promise  of  a  stone  suitable  for  building  and  trimming. 

Clay  Industries. 

The  Paleozoic  strata  afford  little  material  which  is  avail- 
able for  the  manufacture  of  clay  products.  The  Hannibal 
shales  of  the  Kinderhook  are  too  deeply  covered  to  be  utilized 
in  this  region,  while  the  argillaceous  layers  exposed  at 
Marshalltown  are  of  doubtful  utility.  The  latter  deposits 
were  tested  experimentally  a  few  years  ago.  A  sample  of  the 
yellow-gray  argillaceous  marl  was  made  into  brick.  The 
color  of  the  burned  article  was  not  very  different  from 
that  of  the  raw  material,  and  when  subjected  to  the  heat 
given  brick  for  paving  streets,  no  shrinking  nor  altering  of 
shape  was  perceptible,  and  to  all  appearance  there  was  an 
entire  absence  of  fusion.     On  the  other  hand  the  pavers  were 
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completely  vitrified  on  certain  of  the  faces.  It  was  hoped 
that  the  experiment  would  prove  the  manufacture  of  paving 
brick  possible,  but  the  burned  article  was  left  porous  and  too 
soft  for  such  a  purpose.  The  manufacture  of  superior  fire 
brick  is  demonstrated  as  a  possibility,  but  the  limited  extent 
of  the  deposit  renders  its  profitable  utilization  doubtful.  The 
coal  measure  shales  are  almost  wholly  concealed  by  the  glacial 
debris,  and  no  deposits  of  economic  importance  are  known 
within  the  confines  of  the  county. 

In  striking  contrast  to  the  limited  supply  of  raw  material 
accessible  in  the  Carboniferous  series,  the  Pleistocene  deposits 
are  wholly  inexhaustible.  As  has  been  said  the  Pleistocene 
covers  the  entire  county  and  at  nearly  every  point  in  such 
quantity  and  character  as  to  enable  a  brick  factory  to  be 
founded  thereon.  The  material  utilized  at  the  present  time 
belongs  wholly  to  the  loessial  type. 

The  loess  of  Marshall  county  is  ordinarily  of  the  common 
variety.  It  has  a  maximum  thickness  of  not  less  than  twenty 
or  twenty-five  feet.  Certain  areas  are  exceptionally  sili- 
ceous, and  when  dry  appear  as  beds  of  loose  sand.  The  clays 
are  suitable  for  the  manufacture  of  drain  tile,  for  making 
common  brick  by  any  method,  and  for  making  stock  and  orna- 
mental brick  by  the  dry-press  method.  The  products  always 
have  an  excellent  color  and  when  properly  burned  their  poros- 
ity is  not  so  great  as  to  be  objectionable.  At  present  clay 
manufactories  are  in  operation  at  not  less  than  six  localities. 

MARSHALLTOWN. 

Anson  Company  Brick  cfe  Tile  Works. —  This  is  one  of  the 
largest  plants  of  the  county.  It  is  situated  in  the  southern 
part  of  the  city,  where  operations  were  begun  nearly  fifteen 
years  ago.  It  has  grown  from  a  small  hand  yard  to  a  factory 
with  a  large  output  of  both  common  brick  and  drain  tile.  A 
Penfield,  No.  15  D  with  the  corrugated  crusher,  has  been  used 
for  several  seasons.  The  crusher  is  required  only  for  the 
dry  clay.     Closed  sheds  are  used  for  drying  the  product,  and 
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three  large  clamp  kilns  for  burning.  This  latter  process 
tak^s  up  nearly  two  weeks.  Common  brick  and  tile  from  3's 
to  8's  constitute  the  output.  Some  loss  is  experienced 
through  checking  which  takes  place  upon  the  evaporation  of 
the  uncombined  water. 

Sieg  c6  Size  operate  two  yards,  one  about  two  and  the  other 
about  one  mile  west  of  Marshalltown,  near  the  Iowa  Central 
track.  The  one  on  the  south  side  began  operation  about 
forty  years  ago.  The  material  at  each  yard  is  typical  loess  in 
a  bank  from  six  to  twenty-five  feet  deep;  clayey  in  upper 
part  but  more  argillaceous  below.  Certain  sections  of  the 
the  formation  in  the  vicinity  are  too  sandy  for  brick  making 
purposes.  At  the  south  pit  the  fine  sands  and  silts  are  beau- 
tifully interstratified.  An  Eagle  soft-mud  machine  is  in  use  at 
each  plant.  The  brick  are  dried  on  pallets  in  roofed  sheds, 
and  no  checking  occurs  if  the  proper  mixture  of  materials  is 
secured.  Three  clamp  kilns  with  a  total  capacity  of  200,000 
brick  are  employed  for  burning.  This  process  takes  up  only 
eight  days.  In  addition  to  these  two  plants  the  firm  has  also 
a  hand  yard  which  is  operated  in  case  of  an  unusual  demand. 

The  G.  H.  Kohr  brick  and  tile  yard  is  just  east  of  the  city 
limits  on  the  lowland.  The  raw  material,  consisting  of  rather 
strong  modified  loess,  is  treated  by  a  Brewer  machine.  The 
newly  moulded  ware  is  placed  in  a  closed  dry-shed,  and  little 
or  no  checking  occurs.     Only  a  single  clamp  kiln  is  in  use. 

MELBOURNE. 

The  Wulke  Factory  is  located  at  the  crossing  of  the  railroads. 
There  are  seven  feet  of  yellow,  overlying  one-third  as  much 
gray,  short  loess,  while  a  two  inch  band  of  ochre  separates 
the  two  colors.  The  total  thickness  of  the  formation  is 
twelve  feet,  and  under  it  is  blue  drift  clay.  The  raw  material 
is  drawn  up  to  and  run  through  the  pug-mill,  then  through 
an  auger  of  the  Decatur  Leader  manufacture  and  moulded  by  a 
machine  of  the  same  make.  Closed  sheds  heated  with  exhaust 
steam  enable  drying  of  the  product  to  be  carried  on  quite 
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successfully.  Three  down-draft  kilns  serve  to  hold  the  tile, 
and  the  brick  are  burned  in  cased  kilns.  The  character  of 
both  kinds  of  the  output  is  very  creditable. 

RHODES. 

A.  Harmon  now  operates  a  brick  plant  for  the  production 
of  brick  and  drain  tile  along  the  right  of  way  of  the  Chicago, 
Milwaukee  &  St.  Paul  railway.  Loess  to  a  depth  of  ten  feet 
is  taken  and  treated  by  a  **Plymouth"  machine.  The  lower 
portion  of  the  section  utilized  is  of  a  bluish  color,  followed  by 
ocherous  layers  and  finally  grading  upward  into  typical  loess. 
Fossils  are  abundant  throughout,  but  loess  concretions  are 
absent,  although  limey  patches  may  be  observed  near  the 
base.  The  color  of  the  well  burned  product  is  a  cherry  red. 
Considerable  loss  is  sustained  through  checking.  The  burn- 
ing capacity  is  limited  to  two  small  round  kilns. 

« 

BROMLEY. 

Just  south  of  the  station  at  this  point  is  the  plant  of  the 
Bromley  Brick  and  Tile  works.  An  H.  Brewer  machine  is  in 
•  operation.  The  clay  is  run  through  the  mill,  afterwards 
placed  in  sheds  tightly  closed  until  the  mud  becomes  **set;'* 
otherwise  much  loss  is  occasioned  through  checking.  The 
kiln  capacity  is  43,000  three-inch  tile.  Burning  can  be  accom- 
plished in  four  days.  The  loess  comes  from  the  top  of  the 
gradual  slope  about  a  half  mile  south  of  the  railroad.  At  the 
bank  the  top  soil  is  removed  and  the  clay  is  used  to  a  depth 
of  six  feet,  below  which  it  becames  too  sandy.  Lower  on  the 
slope  the  character  pf  the  formation  is  decidedly  different 
and  is  almost  entirely  sand. 

OILMAN. 

The  Oilman  Brick  and  Tile  Works  is  a  new  plant  situated  in 
the  extreme  southeast  comer  of  Marshall  county  and  has  a 
large  territory  adjacent  to  furnish  a  market  for  the  products. 
The  raw  material  is  nothing  more  than  modified  prairie  loess 
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taken  to  a  depth  of  several  feet.  It  is  strong  and  the  mois- 
ture is  freed  with  some  difficulty,  necessitating  artificial  heat. 
A  two  story  shed  has  been  erected,  and  before  long  the  equip- 
ment of  the  plant  will  be  quite  adequate  for  a  large  business. 
Small  plants  have  been  operated  intermittently  in  the 
vicinity  of  State  Center  and  Quarry.    Hand  made  brick  is  the 

sole  product. 

Lime. 

About  a  quarter  of  a  century  ago  lime-burning  was  carried 
on  to  a  limited  extent.  The  oolitic  beds  were  chiefly  used  for 
this  purpose  and  the  manufactured  product  was  of  acceptable 
quality.  As  transportation  facilities  improved,  lime  produced 
from  the  older  Paleozoic  rocks  sharpened  the  competition  to 
such  an  extent  that  the  manufacture  of  lime  in  Marshall 
county  was  abandoned. 

Building  Sand. 

The  sand  fiats  along  the  Iowa  river  between  Marshalltown 
and  Albion,  and  the  sand  bars  in  the  principal  streams,  fur- 
nish an  inexhaustible  supply  of  good  building  sand.  The  sub- 
loessial  sands  are  widely  distributed  over  the  county  and  often 
attain  a  considerable  thickness.  At  Marshalltown  there  are 
five  to  ten  feet  of  siliceous  material  at  the  base  of  the  loess. 
The  southwestern  half  of  the  county  is  deeply  covered  with 
loess  and  drift,  but  it  is  meagerly  supplied  with  the  more 
arenaceous  deposits. 

Moulding  saivds. — The  sub-loessial  layers  afford  an  abun- 
dance of  material  suitable  for  moulder's  use. 

Road  Materials.  * 

Outliers  of  the  Kinderhook  in  the  eastern  portion  of  the 
county  furnish  an  abundance  of  road  materials.  The  larger 
stream  channels  afford  large  quanties  of  sand  and  gravel  suit- 
able for  road  work.  In  the  western  half  of  the  county  mater- 
ials for  the  improvement  of  the  roads  are  almost  entirely 
wanting. 


COAL  MEASURES. 


C09I. 


Marshall  is  one  of  the  marginal  counties  of  the  Iowa  coal 
field.  The  coal  measures  occupy  one-half  of  the  district, 
underlying  the  western  and  southwestern  portion  especially. 
The  coal  pockets  a^o  doubtless  occur  in  different  parts  of 
the  area.  The  records  from  a  number  of  wells  in  southwest- 
em  Vienna  and  northeastern  Taylor  townships  record  the 
presence  of  coal  measure  strata  in  that  region  which  constitute 
the  easternmost  outlier  of  the  Des  Moines  in  the  county. 
Four  miles  southwest  of  Marshalltown  a  coal  measure  sand- 
stone outcrops  along  the  Chicago  Great  Western  railway.  In 
both  of  these  localities  coal  in  economic  quantities  is  not  known 
to  be  present. 

The  principal  locality  where  coal  has  been  mined  in  Mai^hall 
county  is  on  the  Iowa  river  at  a  place  called  Mormon  Ridge, 
three  miles  northwest  from  Albion.  (Tp.  88  N.,  R.  XI  W., 
Sec.  34,  Sw.  qr.  Se.  i.)  A  shaft  fifty  feet  deep  was  sunk  a 
few  years  ago  and  was  known  as  the  Mormon  Ridge  mine. 
The  coal  was  three  feet  in  thickness.  The  sequence  of-layers 
is  as  follows: 


ro^i     6.    Claftllghtcolored.. 


4.    Shale,  dark  colored,  fissile 2 


Coal 

Plre  clay 

Sandstone,  exposed .. 


Fia.  37.   Goal  kt  Harmon  Bldge  mine  nau  Albion. 

At  one  time  fourteen  men  were  employed.  The  shaft  was 
operated  but  a  brief  period  for  the  reason  that  only  three  feet 
of  shale  intervened  in  the  roof  between  the  coal  and  a  thick 
stratum  of  water-bearing  sand.  The  water  gave  so  much 
trouble  that  the  mine  was  abandoned  after  being  operated 
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about  a  year.  Not  more  thau  100  tons  of  coal  were  taken  out. 
A  few  years  later  another  company  leased  the  property  and 
attempted  to  work  the  coal,  but  owing  to  the  defective  pumps 
made  little  progress.     This  mine  has  been  abandoned. 

On  the  north  side  of  Mormon  Ridge,  on  the  northwest  quar- 
ter of  the  same  section,  James  HalP  states  that  a  limited 
amount  of  coal  had  been  removed  previous  to  his  visit  in  1857, 
although  the  shaft  was  abandoned  at  that  time.  Evidence  of 
former  prospect  holes  may  still  be  seen  around  the  base  of  the 
hill,  but  no  exact  data  concerning  the  coal  measures  could  be 
obtained. 

In  a  drill  hole  put  down  one  mile  northwest  of  the  Mormon 
shaft,  on  the  farm  of  W.  C.  Ruddick  (Tp.  85,  N.,  R.  XIX  W., 
Sec.  28,  Sw.  qr.,  Sw.  i),  a  bed  of  black  shale  with  some  coal 
was  encountered  at  a  depth  of  118  feet.  The  seam  was 
reported  to  be  several  feet  in  thickness  and  immediately 
underlain  by  a  thin  layer  of  fire  clay. 

Some  years  ago  a  shaft  was  sunk  on  the  farm  now  owned 
by  Americus  Dakin  on  Minerva  creek,  five  miles  west  of  Ban- 
gor (T^p.  89,  N.,  R.  XX  W.,  Sec.  9,  Se.  qr.,  Se.  i).  Coal  was 
found  here,  but  to  what  extent  is  not  definitely  known. 

At  the  present  time  Marshall  is  not  a  coal  producing  county. 
Future  prospecting  will  doubtless  reveal  isolated  pockets  of 
coal  of  economic  importance,  but  with  the  data  at  hand,  it  is 
hardly  reasonable  to  expect  that  coal  will  be  produced  in  com- 
mercial quantities  within  the  limits  of  the  county. 

Soils. 

Marshall  is  preeminently  an  agricultural  county  and  the 
soils  greatly  outrank  in  economic  importance  all  of  the  other 
geological  formations  put  together.  The  soils  readily  fall 
into  four  fairly  well  defined  types.  The  drift,  which  is  com- 
posed of  glacial  debris;  the  loess,  composed  of  silt  and  very 
fine  sand;  the  drift-loess,  a  combination  of  the  first  two,  and 
the  alluvium,  an  admixture  of  sand  and  silt  in  varying  pro- 
portions.   The  origin  of  the  soil  types  has  been  discussed 

*  Geology  of  Iowa,  Vol.  I,  p.  209, 1863. 
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already  under  the  various  divisions  of  the  Pleistocene.  The 
drift  soil  is  coextensive  with  the  Wisconsin  drift  sheet.  This 
soil  contains  a  high  percentage  of  clay  and  in  many  places  the 
processes  of  agriculture  are  handicapped  by  the  large  number 
of  small  to  medium  sized  bowlders.  This  type  is  highly  pro- 
ductive when  well  drained,  but  cold  and  heavy  when  not 
properly  ventilated. 

The  typical  loess  soil  is  confined  to  the  immediate  proximity 
of  the  larger  drainage  lines.  This  type  prevails  in  Linn,  Tim- 
ber Creek  and  western  Le  Grand  townships.  It  is  subject  to 
excessive  wash  during  rainy  seasons,  and,  unless  very  sandy, 
it  bakes  when  drying.  In  productiveness  this  soil  type  ranks 
lowest. 

The  drift-loess  soil  comprises  by  far  th^  greatest  area  in 
Marshall  county.  It  is  a  happy  combination  of  the  soils  and 
fine  sands  of  the  loess  with  the  glacial  debris  of  the  lowan 
and  Kausan  drift  sheets.  The  drift-loess  is  an  open,  porous 
soil  allowing  the  easy  penetration  of  the  most  delicate  root- 
lets, yet  firm  enough  to  support  the  most  vigorous  forage 
plants.  It  is  easily  tilled  and  is  a  conservator  of  moisture. 
It  is  to  this  type  that  Marshall  owes  her  prestige  as  an  agri- 
cultural county. 

The  alluvium  fianks  the  principal  streams,  and  when  not  too 
sandy  it  compares  favorably  in  productiveness  with  the  drift 
and  drift-loess  types.  When  unprotected  by  levees  large 
tracts  of  these  lands  are  subject  to  periodic  inundations. 

Water  Supply. 

The  larger  water  courses  furnish  an  ample  water  supply  to 
the  areas  through  which  they  flow.  The  smaller  streams  are 
usually  dry  through  a  considerable  portion  of  the  summer  and 
autumn  months.  Shallow  wells  from  40  to  150  feet  in  depth 
have  proved  adequate  for  domestic  purposes  until  the  recent 
extended  dry  period,  when  it  was  found  necessary,  in  many 
cases,  to  go  deeper.  At  present  most  of  the  *' stock  wells" 
draw  their  water  supply  from  the  glacial  sands  and  gravels 
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near  the  base  of  the  drift  or  from  the  sandy  layers  of  the 
Kinderhook.  The  older  water-bearing  horizons  of  the  Pale- 
ozoic have  not  been  explored  in  the  region,  but  the  Saint 
Peter  and  Saint  Croix  sandstones  may  be  reached  at  about 
1,300  and  1,800  feet,  respectively.  At  Ames  and  Boone,  the 
Saint  Peter  sandstone  affords  about  10,000  gallons  per  day, 
while  the  Saint  Croix  yields  about  200,000  gallons. 

West  of  Rhodes,  just  out  of  the  corporation,  is  an  artesian 
well  which  yields  about  2,000  gallons  per  hour.  The  water  is 
slightly  mineral  and  is  not  utilized  at  present,  save  as  a  way- 
side watering  place.  The  well  is  about  sixty  feet  in  depth 
and  appears  to  be  wholly  in  the  drift. 

The  Marshalltown  water  works  draw  water  from  the  gravel 
beds  of  the  Iowa  river.  The  water  filters  through  the  river 
sand  and  is  collected  into  numerous  galleries  from  which  it  is 
pumped.  The  supply  is  barely  adequate  for  ordinary  pur- 
poses, while  in  cases  of  fire  the  Iowa  river  must  be  drayrn  on. 
As  several  other  large  cities  in  the  state  obtain  their  water 
supply  in  much  the  same  manner  as  outlined  above,  it  is 
deemed  fitting  to  append  some  of  the  results  obtained  from  a 
sanitary  study  of  the  water.  It  is  a  well  known  fact  that  the 
spread  of  contagious  diseases  is  often  contingent  on  the  source 
of  our  potable  waters  and  '* sewage  contamination"  is  an 
altogether  too  common  a  phrase  in  our  board  of  health  reports 
treating  of  epidemics. 

BACTERTALOGICAL  STUDY  OP  THE  ICAHSHALLTOWN  WATEB  SUPPLY. 

Prof.  L.  H.  Pammel  kindly  furnished  the  following  abstract 
of  results.  The  work  was  done  in  a  large  part  under  his  per- 
sonal supervision. 

Mr.  G.  L.  Steelsmith*  made  an  examination  of  the  Mar- 
shalltown water  supply  during  the  summer  and  fall  of  1896. 
Dr.  Walter  H.  Haines,  of  Chicago,  had  previously  made  an 
examination,  the  results  of  which  are  as  follows. 

ontMs  PBB  G  a 

No.  1.    Across  the  river  from  water  works 25 

No  2.    Buncewell 190 

No  3.    River  water ^_..2,240 


*  Marshalltown  Evening  Times-Bepublican*  April  2i,  1806. 
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The  statement  is  here  made  that  the  maximum  number 
according  to  Koch  of  Berlin,  and  the  Franklands  of  London, 
is  100  germs  per  C.  C.  The  maximum  number  has,  however, 
sometimes  been  placed  at  1,000,  and  some  authors  place  the 
number  at  3,000.  An  absolute  fixed  standard  cannot  be  made, 
except  that  1,000  germs  per  C.  C.  is  more  nearly  the  maximum 
in  a  large  niunber  of  our  river  waters.  The  quanity  of  organ- 
isms is  dependent  upon  the  quantity  of  organic  matter  present. 
The  important  point  in  connection  with  a  bacterialogical 
analysis  is  the  quality  rather  than  the  quantity.  A  single 
organism  of  Bacillus  coli-communia  or  B.  typhi-ahdominaliB 
is  sufficient  tcT  indicate  sewage  contamination. 

Mr.  Steelsmith's  determinations  are  as  follows. 


ao 

No.  1.    June  7th,  water  from  river  above  mill  dam 2,170 

No.  2.    June  7th,water  from  hydrant,  Dr  Meghiirs  office.1,800 

No.  3.    June  7th,  water  from  pumping  station ..1,200 

No.  4.    June7th,water  from  sixteen  hydrants,  average..  1,900 
No.  5.    Sept.  9th,  water  from  six  hydrants,  average 2,040 

So  far  as  the  number  from  streams  is  concerned,  the  above 
would  not  be  considered  excessive  or  necessarily  injurious, 
since  water  taken  from  the  Croton  reservoir.  New  York,  con- 
tained 5,000  to  15,000  germs  per  C.  C. ;  water  from  the  Spree, 
which  furnishes  Berlin  with  water,  contains,  according  to 
Frankel,  6,140  germs  per  C.  C. ;  but  this  number  increased  to 
over  245,000  below  the  city.  Water  from  the  Mississippi  at 
La  Crosse,  Wisconsin,  during  the  spring  months  contained 
3,000  germs  per  C.  C.  In  all  streams  there  are  extraordinary 
fluctuations  so  far  as  quantity  is  concerned.  These  fluctuations 
are  due  to  the  amount  of  soil  carried  from  the  surrounding 
country.  The  great  number  found  in  the  Iowa  river  last  sum- 
mer must  be  associated  with  the  frequent  rains.-  Numerous 
investigators  have  shown  that  during  the  autumn  and  winter, 
germs  are  far  less  numerous  than  during  the  spring  and  sum- 
mer months,  and  yet  the  former  seasons  are  the  periods  of 
most  frequent  occurence  of  typhoid  fever. 
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Of  the  germs  found  in  the  hydrant  water  of  Alarshalltown, 
but  one  was  regarded  as  suspicious.  It  agreed  quite  closely 
with  the  morphological  and  physiological  characters  given 
for  BacillU'8  coli-communis  and  proved  to  be  ^BttYxagenic  for 
rabbits.  The  relation  of  this  organism  to  sewag'e  contamina- 
tion can  no  longer  be  questioned,  as  this  Bacillus  is  an  inhab- 
itant of  the  human  intestines  and  it  is  only  natural  that  it 
should  find  its  way  to  the  river. 

The  results  of  this  investigation  go  to  show  that  tlie  water 
which  has  filtered  through  the  river  sands  is  safe  and  ivhole- 
some,  but  that  the  water  drawn  from  the  river  direct  may  be 
at  the  peril  of  the  public  health. 

Water  Power. 

The  Iowa  river  furnishes  an  abundance  of  water  po^wer,  the 
average  gradient  being  about  three  feet  per  mile  and  the  flow 
fairly  constant.     Flouring  mills  are  in  active  operation  at 
Albion,  Marshalltown  and  Le  Grand  respectively.     A  head  of 
six  feet  is  obtained  at  Albion  and  six  and  one-half  feet  at  each 
of  the  other  two  localities.     All  of  the  mills  can  be  run  on  f  uU 
time  and  at  full  capacity  save  during  periods  of  very  hig'h  or 
very  low  water.     From  fifty  to  eighty  horse  power  is  avail- 
able at  each  point.     The  flow  of  water  in  the  smaller  streams 
is  too  small  and  inconstant  to  merit  attention  in  this  connec- 
tion.    Mills  of  small  capacity  on  Timber  creek  were  formerly 
operated  intermittently.    None  are  active  at  the  present  time. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

The  country  to  be  described  in  this  report  is  of  interest  to 
the  layman  as  containing  the  capital  city  of  the  state  and  to 
the  geologist  as  being  located  at  the  apex  of  the  Des  Moines 
lobe  of  the  Wisconsin  ice  sheet.  It  lies  slightly  southwest  of 
the  center  of  the  state  and  is  bounded  by  Boone  and  Story 
counties  on  the  north,  Jasper  and  Marion  on  the  east,  Warren 
on  the  south  and  Dallas  on  the  west.  Of  these  regions  Boone 
and  Warren  counties  have  been  previously  described  by  Dr.  S. 
W.  Beyer*  and  Prof.  J.  L.  Tiltont  respectively.  Polk  county 
is  the  meeting  place  of  the  formations  described  in  these 
reports.  The  county  includes  the  usual  sixteen  congressional 
townships  with  586  square  miles;  an  area  divided  into  twenty 
civil  townships  as  shown  upon  the  accompanying  map. 

Physiographically,  it  lies  mainly  in  the  valley  of  the  Des 
Moines  river  and  within  its  limits  the  Raccoon  joins  the  latter 
stream.  The  northeastern  portion  of  the  area  belongs  to  the 
valley  of  the  Skunk  river  and  that  of  its  tributary,  Indian 
creek. 

PREVIOUS  GEOLOGICAL  WORK. 

The  early  establishment  of  a  military  post  at  the  junctiu-e 
of  the  Des  Moines  and  Raccoon  rivers  led  to  the  region  being 
visited  from  time  to  time  by  various  geologists  in  the  employ 
of  the  national  government.  Many  of  these  expeditions  were 
more  especially  directed  to  the  accomplishment  of  geograph- 
ical or  military  purposes.  Such  was  that  led  from  the  fort  to 
the  source  of  the  Des  Moines  river  by  Capt.  J.  AUenJ  in  1844, 
though  the  incidental  topographic  and  geological  notes  given 
in  the  account  of  this  expedition  are  very  suggestive. 

Information  more  directly  geological  may  be  obtained  from 
the  report  of  the  expedition  of  J.  N.  Nicollet.  §    In  it  is 

*Iowa  Oeol.  Suryey,  toI.  V.,  pp.  175-239. 

tn>ld.,  a01-IB«. 

tEx,  Doc.,  Hoaie  of  Bep.,  SOth  Oong.,  Ut  Sets.,  No.  168, 18  pp.    Wuhlngton,  1845-46. 

ISen.  Doc.,  dttth  Oong.,  2d  Sen..  V.,  pt.  11,  No.  287.    Washington,  184t 

23G.  Bep. 
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fifiven  a  list  of  fossils  collected  from  the  Des  Moines  river 
above  the  Raccoon  fork  by  Lieut.  Fremont.  Kno^wledge  of 
the  stratigraphy  of  the  region  began  with  the  explorations  of 
Dr.  D.  D.  Owen,  carried  on  in  the  summer  of  1849.  In  his 
trip  up  the  Des  Moines  river*  he  located  and  described  the 
principal  exposures,  recognizing  the  presence  of  coal  meas- 
ures, drift  and  loess. 

Worthent  in  1856  visited  Des  Moines  and  noted  some  of  the 
exposures  near  the  city. 

In  the  course  of  the  work  of  the  White  survey  the  county 
was  visited  by  both  Mr.  St.  John  and  Dr.  White, $  though  no 
detailed  survey  of  the  county  was  made.     The  drift  deposits 
within  the  county  have  been  since  written  upon  by  Call,§ 
McGee  and  Call,  i  and  Keyes  and  Call,  T  while  Keyes  has  made 
extensive  studies  of  the  coal  measures  and  of  the  paleontol- 
ogy.    The  latter  has  published  numerous  papers  upon  the 
region,  the  more  important  being  referred  to  in  the  following 
pages.     His  studies  upon  the  coal  have  been  summed  up  in 
his  general  report  upon  the  coal  deposits  of  the  state.** 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

Polk  county  is  not  a  region  of  strong  contrasts.  Topo- 
graphically the  region  belongs  to  the  type  called  *  *  prairie 
plain"  by  Powell. ft  In  a  broad  way  it  may  be  conceived  to 
be  an  essentially  even  plain  cut  into  by  river  channels.  The 
evenness  of  the  upland  surface  can  never  be  lost  sight  of,  and 
from  any  high  point  in  the  county  one  can  see  the  surround- 
ing region  rising  to  the  same  general  level.  There  are  no 
points  of  greater  altitude  and  the  divides  all  belong  to  this 

*See  G^eol.  Burr.  Wis,.  Iowa  and  Minn.,  pp.  121-128,  with  plates.    Philadelphia,  1B52. 
tGeol.  Iowa  (Hall),  vol.  I,  pt.  1, 170-172.    Albany,  1858. 

tPlrst  and  Sec.  Ann.  Bep.  State  Oeolglst,  pp.  167-176.  Des  Moines,  1870.  Qeol.  Iowa,  vol.  II. 
pp.  261-262.    Des  Moines,  18T0. 

6  Amer.  Nat.,  XV,  782-784.    1881. 

I  Amer.  Jour.  Sci.,  (3),  XXIV,  202,  223.    1882. 

IProc  Iowa  Acad.  Sci.,  1890-1881,  80.    1892. 

**Iowa  Geol.  Sary.,  vol.  II,  pp.  267-204.    Des  Moines,  1804. 

tt'Nat.  Geol.  Mon.,  vol.  I,  No.  3,  p.  68.    New  Tork,  1896.  j 
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general  plain.  This  plain  has  an  altitude  at 
Bondurant  of  975  feet,  at  Mitehellville  of  976, 
at  Altoona  966,  at  Orilla  975,  at  Ankeny  1,005, 
and  at  many  other  points  occurs  at  the  same 
general  level.  Into  this  plain  the  rivers  have 
cut  channels  to  various  depths.  The  Skunk 
at  Santiago  is  about  175  feet  below  the  high 
land  on  each  side.  The  Dea  Moines  river  has 
cut  from  fifteen  to  twenty-five  feet  deeper. 
The  minor  streams  have  cut  to  various  depths, 
depending  on  their  size  and  the  distance  from 
the  main  stream. 

When  one  examines  the  topography  in 
greater  detail,  certain  differences  are  noted 
which  at  once  separate  the  region  into  two 
portions,  between  which  the  contrasts  are  as 
sharp,  as  constant  and  as  multitudinous  as 
those  between  an  alluvial  valley  and  the  adja- 
cent uplands.  To  the  sympathetic  student  of 
land  forms,  these  contrasts  of  topography  are 
as  definite  and  as  full  of  meaning  as  are  the 
contrasts  in  fossils  obtained  from  different 
formations.  The  line  separating  the  two  areas 
is  marked  upon  the  map  of  the  superficial 
deposits  as  the  northern  border  of  the  loess, 
and  runs  approximately  from  south  of  Noble- 
ton  through  Rising  Sun,  around  the  nose  of 
Four  Mile  ridge,  across  Capitol  and  West 
hills,  just  north  of  Valley  Junction  and  between 
Commerce  and  Ashawa.  The  region  north  of 
this  line  has  had  a  different  history  from  that 
which  lies  south  of  it,  a  history  differing  in  the 
length  of  the  erosion  period  and  hence  shown 
in  the  character  of  the  streams;  a  history 
differing  in  origin  of  the  surface  material  and 
hence  reflected  in  the  landscape.     North  of 
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the  line  the  general  appearance  of  the  country  differs  radi- 
cally from  that  south  of  it  despite  the  fact  that  the  surface  as 
a  Thole  rises  to  the  same  plane  and  the  surface  material  is  in 
each  case  loose  detritus.  The  contrasts  are  not  always  so 
sharply  preserved  along  the  border,  and  yet,  on  the  whole, 
one  is  constantly  struck  by  their  presence  rather  than  by  their 
absence.  There  are  few  places  where  the  contrasts  between 
the  two  drift  sheets  are  so  excellently  shown  and  so  readily 
studied  as  at  Des  Moines. 

NOBTHEBN  ABKA. 

In  the  northern  portion  of  the  county  the  prevailing-  land- 
scape is  flat.    The  divides  are  broad  and  have  practically  no 
slope.     This  is  well  shown  in  crossing  the  divide  between  Four 
Mile  creek  and  the  Skunk  river.    In  the  region  near  Bondu- 
rant  is  a  broad  even  surface  of  immature  drainage.    Only  the 
faintest  contrasts  in  elevation  are  noticeable.     The  same  type 
of  upland  is  shown  between  Mitehellville  and  Altoona  and  may 
be  readily  examined  in  its  most  typical  aspect  near  Ankeny. 
As  seen  at  the  latter  point  especially,  the  presence  of  swales 
and  inter-swales  is  quite  striking.    It  gives  a  topography  which 
may  be  called  a  saucer  topography,  since  the  low  circular, 
grass-grown  and  often  water-holding  swales  are  similar  in  out- 
line and  cross-section  to  shallow  saucer-like  depressions.  The 
higher  portions  of  land  between  the  swales  are  almost  the 
exact  reverse  of  the  latter;  being  low,  very  gently  rounded 
hummocks.    The  swales  vary  in  diameter  from  mere  depres- 
sions a  dozen  feet  across  to  well  deflned  basins,  often  holding 
ponds  and,  in  regions  a  little  farther  north,  small  lakes.  Over 
such  a  surface  there  are  no  drainage  lines.     Many,  indeed  most 
of  the  ponds,  have  no  outlets. 

While  the  saucer  topography  is  characteristic  of  the  region 

covered  by  the  Wisconsin  drift,  and  indeed  is  not  known  to 

occur  south  of  its  limit,  other  phases  occur  with  it.    In  the 

region  near  Kelsey  there  is  a  bit  of  rather  rough  country. 

•  The  hills  are  of  considerable  height,  irregular  form,  and  are 
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independent  of  the  streamways.  The 
drainage  conforms  to  the  hills  rather  than  11 
forms  them.  Drift  seems  to  be  the  mate-  '<  I 
rials  which  make  up  these  ridges.  It  is 
somewhat  sandy  and  full  of  gravel  in  the 
upper  portion  and  seems  tTindicate  a 
certain  amount  of  water  action.  The  gen- 
eral aspect  of  the  hills  is  morainic.  Their 
nature  will  be  described  more  in  detail  in 
another  portion  of  the  report. 

In  the  northern  portion  of  the  county 
the  valleys  are,  as  a  rule,  narrow.     In 
certain  cases  they  are  broad  though  the 
streams  are  unimportant  and  narrow.     In 
such  instances  the  stream  has  usually  a 
narrow  recent  valley,  with  a  very  mod- 
erate development  of  alluvium,  winding 
through  the  older  larger  valley.      The 
broad  bottoms  of  such  a  valley,  for  exam- 
ple that  of  the  Beaver,  is   covered   by 
irregularly  disposed  hills  of  sand,  gravel 
and  till  in  its  less  typical  phases.     These 
hills  are  low,  very  gently  rounded  and 
often    merge    into    almost    terrace-like 
forms.     The  boundary  of  such  a  broad 
valley  is  ordinarily  imperfectly  defined. 
The  slopes  rise  with  increasing  steepness 
until  they  meet  the  upland  plain.     The 
whole  represents  rather  a  long,  broad, 
fairly  shallow  sag  in  the  surface  of  the 
latter.     An  excellent  example  of  such  a 
sag  may  be  seen  just  north  of  Highland 
Park  or  North  Hill,  and  separating  the 
latter  from  the  main  upland  plain  upon 
which  Saylor  station  is  located. 
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It  takes  but  little  observation  to  satisfy  one  that  in  this 
northern  portion  of  the  county  the  topography  was  not  formed 
by  the  present  streams,  and  is,  in  fact,  not  a  normal  erosion 
topography.  There  is  no  constant  relation  between  the  size 
of  the  stream  and  its  valley.  There  are  areas  of  rough,  hilly 
topography  where  the  streams  wander  in  and  out  in  aimless 
fashion.  In  such  regions  especially,  and  the  same  is  true  for 
the  region  in  general,  the  streams  have  no  flood  plains  or  such 
as  are  only  very  slightly  developed.  The  land  forms  also 
exhibit  anomalous  curves  which  are  not  characteristic  of 
stream  erosion.  In  short,  the  land  forms  are  glacial  and  the 
country  is  in  extreme  youth.  The  stream  action  has  only 
just  begun.  The  upland  plain  is  barely  cut  into.  It  is  crossed 
rather  than  dissected  by  the  streams,  and  the  latter  have 
merely  cut  gashes  in  its  surface. 

SOUTHKBir  ABKA. 

South  of  the  dividing  line  mentioned,  a  very  different  topog- 
raphy is  encountered.  The  siurface  material  is  still  drift. 
The  land  forms  are,  however,  erosion  forms.  The  saucer 
topography  of  the  northern  upland  and  the  hummocky  topog- 
raphy noted  near  Kelsy  have  disappeared.  The  inter-stream 
divides  rise  to  an  even  surface  which  is,  in  a  general  way, 
level.  There  are  flat-topped  divides  but  these  are  relatively 
narrow.  The  plain  is  thoroughly  dissected  and  the  drainage 
is  in  early  maturity.  Much,  however,  of  the  upland  is  yet 
unreduced  and  not  all  of  the  streams  have  ceased  to  cut  down 
and  begun  to  fill  up;  The  landscape  accordingly  marks  an 
intermediate  stage  in  which  the  surface  is  largely  reduced  to 
slope. 

The  region  is  crossed  from  west  to  east  by  the  broad  val- 
ley occupied  in  part  by  the  Raccoon  river  and  in  part  by  the 
Des  Moines  river.  Numerous  tributary  streams  subdivide  the 
area.  The  larger  of  these  streams,  for  example  Camp  creek, 
simulate  the  master  streams  in  having  definitely  marked  allu- 
vial bottom  lands.  Indeed  all  the  streams  of  the  southern 
area  have  developed  alluvial  plains  of  greater  or  less  extent. 
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Alluvium  is  found  along  the  lower  courses  of  even  the  smaller 
creeks.  If,  for  example,  one  examines  West  Four  Mile  he 
:finds  at  its  embouchere  upon  the  bottom  land  of  the  Raccoon 
a  rather  definite  flood  plain  which  may  be  traced  up  the 
stream  some  little  distance.  In  passing  up  stream  it  becomes 
narrower,  takes  on  more  and  more  slope,  and  thus  by  degrees 
merges  into  the  side  slopes.  At  a  certain  stage  it  is  difficult 
to  separate  the  flood  plain  from  the  slope.  A  little  farther 
on  the  flood  plain  has  altogether  disappeared,  the  change 
being  almost  imperceptible. 

It  is  interesting  to  contrast  this  with  the  change  which  the 
flood  plain  undergoes  in  the  case  of  those  streams  which 
start  upon  the  Wisconsin  drift  and  flow  down  upon  the  Kan- 
san.  In  such  cases  the  alluvial  plain,  which  is  broad  in  the 
lower  portions  of  the  valley,  narrows  up  at  once  when  the 
stream  is  traced  back  over  the  later  drift  border.  This  is 
shown  in  the  case  of  East  Four  Mile  creek  and  is  also  marked 
on  Spring,  Mud,  and  Camp  creeks.  The  development  of  allu- 
vium along  a  river  is  indicative  of  considerable  stability  and 
a  long  time  of  work.  New  streams  rarely  have  flood  plains. 
Old  ones  usually  do.  The  inference,  then,  is  that  the  upper 
courses  of  the  streams  mentioned  are  much  younger  than  the 
lower  courses.  That  the  disappearance  of  the  flood  plain 
along  East  Four  Mile  is  not  due  to  the  same  causes  that  have 
obtained  in  the  case  of  West  Four  Mile  is  shown  by  the  fact 
that  in  the  former  it  is  abrupt ;  in  the  latter  it  is  gradual. 
The  land  forms  of  the  southern  area,  then,  are  the  results  of 
stream  action.  They  have  required  a  long  time  for  their 
development ;  a  longer  time  than  that  necessary  for  the  devel- 
opment of  the  northern  landscape.  The  measure  of  this 
time  and  the  details  of  the  contrast  between  the  two  areas 
may  well  be  noted  in  connection  with  the  description  of  the 
individual  streams. 

DRAINAGE. 

The  streams  of  Polk  county  belong  to  two  systems,  the 
Skunk  and  the  Des  Moines.     By  far  the  larger  portion  of  the 
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county  is  drained  by  the  latter  river  and  its  tributaries. 
Within  the  county  the  valley  of  the  Des  Moines  is  separated 
into  two  sharply  contrasted  portions  lying  respectively  above 
and  below  the  mouth  of  the  Raccoon  river.  The  upper  valley 
is  narrow,  steep-sided  and  very  recent.  The  lower  is  broad, 
has  a  well  developed  flood  plain,  usually  well  rounded  sides, 
and  in  fact  shows  all  the  marks  of  an  ancient  stream.  That 
portion  of  the  course  lying  between  the  mouth  of  Daily's  run 
and  the  Raccoon  river  is  intermediate  in  age,  though  in  topog- 
raphy it  more  closely  resembles  that  along  the  upper  reaches 
of  the  river.     The  Des  Moines  river  is  a  stream  of  consider- 


Fia.  M.    Des  Holaea  Tails;,  older  portion,  below  Hutle.    The  bluff  at  the  right  Bhowa  Iosm 
over  Kauaan  drift. 

able  magnitude ;  so  much  so  that  in  early  days  it  was  travelled 
by  small  Mississippi  river  steamboats  as  far  as  the  mouth  of 
the  Raccoon  and  even  beyond.  The  bottom  land  below  the 
forks  is,  as  is  shown  upon  the  accompanying  map,  from  three 
to  four  miles  wide.  Its  borders  are  usually  well  marked,  the 
hills  rising  abruptly  from  100  to  135  feet  above  the  flood  plain. 
There  is  a  slight  farther  rise  until  the  land  reaches  a  general 
altitude  of  about  160  feet  above  the  river.  In  this  portion  of 
its  course  most  of  its  tributary  streams  flow  in  from  the  north. 
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They  include  East  Four  Mile,  Spring,  Mud,  and  Camp  creeks, 

all  of  which  have  already  been  partially  described.     East 

Four  Mile  creek  is  a  long  stream  with  a  narrow  valley.     It 

lias  no  tributaries  of  any  great  length  and  few  that  are 

branching.     Practically  all  of  its  course  is  upon  the  later 

drift.     The  last  two  miles  is  across  the  flood  plain  of  the  Des 

Moines,  and  the  mile  just  above  is  through  a  relatively  broad 

and  well  marked  valley  which  is  of  preglacial  origin.     The 

upper  course  is  a  mere  trench  across  the  drift  and  seems  to 

be  of  no  great  age. 

Spring  and  Mud  creeks  have  their  sources  just  within  the 
border  of  the  upper  drift  in  poorly  defined  valleys.  Below 
the  border  they  follow  well  marked  valleys  and  receive  numer- 
ous small  branching  tributaries.  Camp  creek  has  its  source 
upon  the  drift  plain  between  Altoona  and  Mitchellville  and 
flows  south,  reaching  the  Des  Moines  just  outside  of  Polk 
county.  It  receives  few  tributaries  though  it  is  a  stream  of 
some  size  and  age.  From  the  south  the  Des  Moines  receives 
a  few  small  streams  of  which  Yader  creek,  itself  an  insignifi- 
cant branch,  is  the  larger.  The  streams,  including  West  Four 
Mile  and  Elm  branch,  which  flow  into  the  Raccoon  river  from 
the  south,  are  also  of  small  size.  The  reason  for  this  seems 
to  be  that  North  river,  which  joins  the  Des  Moines  just  below 
Avon,  has  preempted  the  territory  which  might  have  been 
drained  by  Yader,  Four  Mile  and  Elm  branches.  North  river 
empties  into  the  Des  Moines  below  these  streams  and  hence 
has  a  lower  outlet.  It  is  an  older  streStpi  and  in  the  struggle 
for  territory  has  succeeded  in  capturing  by  far  the  larger  por- 
tion of  the  area  between  it  and  the  Raccoon-Des  Moines  valley. 
In  the  intermediate  portion  of  its  course  the  Des  Moines 
river  flows  through  a  narrow  valley  flanked  by  high  bluffs 
mainly  composed  of  coal  measure  strata  capped  by  loess  and 
Wisconsin  drift.  The  valley  sides  are  veneered  with  loess, 
and  hence  this  channel  is  of  interglacial  and  possibly  of  pre- 
glacial age.  The  river  in  this  part  receives  no  tributaries  of 
any  consequence.     At  the  upper  end  of  the  narrow  portion 
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there  is  a  broad  expansion  of  the  valley  marked  l>y  a  wide 
alluvial  tract  extending  from  Highland  Park  to  Saylorville- 
Within  this  portion  of  its  course  the  river  receives  Beaver 
creek  from  the  west  and  Saylor  creek  and  Daily's  mn  from 
the  east.  The  two  latter  are  very  small  streams  wliicli  do  not 
have  well  marked  valleys.  Saylor  creek,  after  coming'  out 
from  the  drift  covered  region,  crosses  the  alluvia>l  bottom 
land  in  a  shallow  ditch-like  channel  two  miles  or  more  long^ 
following  close  along  the  eastern  edge  of  the  bottom  land. 

Above  Saylorville  the  Des  Moines  valley  narrows  rapidly 
and  for  a  considerable  distance  parallels  the  broader  valley 
now  occupied  by  the  Beaver.     The  relative  width  of  tlie  two 
is  shown  upon  the  map.     The  Ridgedale  ridge  is  usually  nar- 
row.    It  slopes  very  abruptly  down  to  the  Des  Moines  river, 
which  is  bounded  on  the  east  by  equally  abrupt  slopes.      On 
the  west  the  ridge  normally  slopes  down  to  the  Beaver  -with  a 
regular,  gentle  inclination.     This  is  not  however  always  true- 
In  sections  36,  25  and  26  of  Tp.  80  N.,  R.  XXV  W.,  the  slope 
is  quite  as  abrupt  as  in  the  opposite  direction.     This  abrupt 
slope  towards  the  Beaver  is  however  exceptional.  .  The  river 
receives  in  this  portion  of  its  course  Rock,  Big  and  Mosquito 
creeks,  all  from  the  east.     Big  creek  is  the  largest  stream,  but 
though  it  carries  considerable  water,  it  has  only  a  narrow 
valley  and  a  narrower  strip  of  irregularly  developed  alluvium. 

The  Raccoon  river  flows  into  the  Des  Moines  from  the  south- 
west. It  has  a  marked  valley,  with  a  well  developed  flood 
plain.  Its  tributaries  ^rom  the  south  are  small  but  evidently 
old.  From  the  north  it  receives  Jordan  branch,  a  recent 
stream  flowing  down  from  near  Ashawa,  and  Walnut  creek, 
which  flows  in  east  of  Valley  Junction.  Walnut  creek  is 
rather  well  developed  and  has  through  a  considerable  portion 
of  its  course  a  definite  flood  plain.  It  does  not  seem  however 
to  be  an  old  stream. 

The  Skunk  river  system  does  not  drain  an  important  por- 
tion of  the  county.  The  main  stream  enters  the  county 
about    eight    miles    west    of    the    northeast    corner,    flows 
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southeast  and  leaves  the  area  ten  miles  south  of  the  same 
point.  It  flows  in  a  broad  flat-bottomed  valley  bounded  by- 
low  rounded  sides.  The  valley  is  evidently  of  considerable 
SLgBj  though  the  present  river  has  only  insignificant  tribu- 
taries. It  receives  White  Oak  creek,  Swan,  and  Byers 
branches  from  the  west  but  no  streams  of  name  from  the 
east.  The  branches  drain  a  strip  parallel  to  the  main  stream 
and  less  than  four  miles  wide.  Indian  creek,  which  flows 
across  the  extreme  northeastern  comer  of  the  county  parallel 
to  the  Skunk  and  about  five  miles  distant,  joins  the  latter 
stream  near  Colfax.  Within  the  area  now  being  considered 
it  is  wholly  independent  of  the  Skunk  and  flows  in  a  valley 
which  is  a  smaller  homologue  of  thatfof  the  parent  stream. 

HISTORY  OF  THE  DRAINAGE. 

The  main  outlines  of  the  drainage  of  Polk  county  were 
evidently  developed  i%  preglacial  time.  The  Des  Moines, 
the  Raccoon,  North  river.  East  Four  Mile,  the  Skunk  and 
Indian  creek  evidently  run  in  valleys  which  are,  in  part  at 
least,  preglacial.  The  origin  of  these  rivers  was  due  to 
causes  antecedent  to  the  glacial  period.  Their  preglacial 
valleys,  as  we  know  them,  seem  not  unlikely  to  have  been 
excavated  in  the  period  immediately  preceding  the  advent  of 
the  ice.  Their  deeper  channels  are  cut  in  a  moderately  flat 
rock  surface  which  probably  represents  a  Tertiary,  or  later, 
base-level.  The  channels  are  most  probably  the  result  of  the 
post-Lafayette  emergence.*  That  the  streams  had  before  this 
been  developed,  and  by  the  post-Lafayette .  emergence  were 
merely  revived,  is  altogether  probable,  but  this,  and  indeed  all 
except  the  fact  of  the  existence  of  certain  of  the  channels 
before  the  ice  came,  lies  largely  in  the  domain  of  hypothesis 
and  is,  at  present  at  least,  not  susceptible  of  field  demonstra- 
tion. The  lower  course  of  the  Des  Moines  river,  that  below 
the  mouth  of  the  Raccoon,  has  been  filled  in  with  drift  to  a 
considerable  depth.  The  shaft  of  the  Gibson  mine  No.  1, located 
on  the  edge  of  the  bottom  land,  passed  through  fifty-six  feet 

•McGee,  Twelfth  Ann.  Bept.  U.  8.  Geol.  Surv.,  pt.  1,  p.  615.   1801. 
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of  drift.    The  Hastie  mine  working  at  a  depth  of    lOO  feet 
below  the  river  was  much  interfered  with  by  water.       Wells 
driven  down  upon  the  plain  at  Avon  pass  to  considerable 
depths  without  encountering  rock.     The  hills,  however,  con- 
tain rock  at  levels  considerably  above  the  water  level.      Good 
sections  and  rock  exposures  are  common  where veg  there  has 
been  recent  cutting.     This  is  not,  however,  true  in  all  cases. 
Usually  the  drift  alone  is  seen  and  at  points  the  recent  cut- 
ting of  the  river  against  its  sides  shows  only  the  undisturbed 
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Fig.  41.    Preglacial  drainage  at  Des  Moines. 

drift  down  to  water  level.  The  valley  in  this  portion  seems 
then  to  have  been  formerly  deeper  and  perhaps  slightly  wider; 
at  least  its  present  form  is  not  its  original  form.  The  material 
which  fills  in  this  older  valley  is  the  Kansan  drift  and  loess, 
and  will  be  described  later. 

In  that  portion  of  the  old  valley  which  lies  between  Capitol 
Hill  and  Four  Mile  Ridge  it  has  been  found  impossible  to  mine 
a  bed  of  coal  which  lies  about  ninety  to  one  hundred  feet  below 
the  river  level,  because  the  overlying  slate  roof  is  so  thin  that 
it  crushes  in  and  fills  the  mine  with  drift  and  water.     In  the 
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Giant  mine,  located  on  the  western  edge  of  this  plain,  at  a 
depth  of  about  100  feet,  a  preglacial  drift  filled  valley  was 
encountered*.  Similar  channels  have  been  encountered  by  other 
mines  located  at  the  edge  of  this  plain.    The  rock  rises  in  Capi- 
tol Hill  to  a  height  of  seventy- three  feet  above  the  plain  which  is 
itself  about  twenty  feet  above  the  water  of  the  river.     On  the 
crest  of  North  Hill,  or  in  Highland  Park,  sandstone  belong- 
ing to  the  coal  measures  is  encountered  at  a  depth  of  twenty-five 
feet.     On  the  low  land  between  Highland  Park  and  Saylor  sta- 
tion wells  go  through  seventy-five  to  100  feet  of  drift.  The  Poor 
Farm  well,  140  feet  above  this  bottom  land,  only  passes  through 
eighty  feet  of  drift,  which  is  perhaps  an  unusual  depth,  as  rock 
is  found  in  the  same  region  at  depths  of  fifty  feet  and  less. 
On  the  high  land  near  the  Union  mine  the  rock  is  encountered 
at  about  twenty  feet.     The  nose  of  Four  Mile  Ridge  is  made 
up  largely,  to  a  depth  of  116  feet  or  more,  of  loose  material, 
and  yet  it  has  a  core  of  coal  measures,  as  has  been  proven  by 
recent  drilUng  in  Grandview  park.    There  is  then  here  a  drift 
filled  valley  with  rock-bound  sides.     The  filling  material  is,  in 
part  at  least,  Kansan  drift. 

The  Beaver  valley  shows  topograpic  characteristics  simi- 
lar to  those  of  the  old  valley  just  described.  Its  width  is 
comparable  to  that  of  the  latter  valley,  and  if  to  it  be  added 
the  width  of  the  narrow  valley  occupied  by  the  upper  course 
of  the  Des  Moines  the  sum  is  about  equal  to  the  width  of  the 
Des  Moines  below  the  mouth  of  the  Raccoon.  The  bottom  of 
the  Beaver  valley  is  covered  by  the  modified  Wisconsin  drift. 
Wells  in  this  bottom  land  do  not  reach  rock  at  depths  of  fifty 
feet.  The  side  slopes  show  rare  rock  exposures,  though  the 
coal  measures  rise  in  them  to  heights  considerably  above  the 
stream.  At  points  undisturbed  Kansan  drift  is  found  low 
down  in  the  valley. 

There  is  then  a  broad  preglacial  valley  running  across  the 
county,  now  occupied  in  part  by  the  Beaver,  in  part  by  the 
Des  Moines  and  in  part  unoccupied.    For  reasons  to  be  con- 

*KeyM:    Iowa  Qeog.  Suit.,  II,  188.   1894. 
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oped  which  later  played  an  important  part  in  changing  the 
course  of  the  Des  Moines  river.  The  first  was  a  tributary  of 
the  Raccoon  and  ate  its  way  back  by  headwater  erosion  along 
the  line  now  occupied  by  the  Des  Moines  from  Thompsons 
bend  to  its  mouth.  The  second,  J,  was  tributary  to  the  Des 
Moines  as  it  then  was,  and  worked  back  toward  the  south 
along  the  line  now  occupied  by  the  Des  Moines  river  from  the 
mouth  of  Dailys  run  to  Crocker  park.  These  streams  cut 
back  farther  and  farther,  a  encroaching  upon  h  until  the  val- 
leys were  continuous.  Possibly  a  captured  h  and  a.  portion  of 
the  Des  Moines  was  diverted  to  the  new  course.  More  prob- 
ably the  valley  was  not  cut  to  that  depth,  and  the  Des  Moines 


Fig.  48.    Pre- Wisconsin  drainage  near  Des  Moines. 


had  not  begun  to  flow  through  the  new  channel  at  the  time 
the  loess  was  deposited.  The  latter  spread  in  this  region  in 
a  fairly  uniform  mantle  over  the  Kansan  drift  both  upon  the 
upland  and  in  the  valleys.  It  did  not  materially  affect  the 
arrangement  of  the  streams  though  it  changed  the  contours 
of  their  side  slopes  and  softened  the  cross-sections.     The 
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streams  began  at  once  to  clear  out  their  valleys  and   were 
engaged  in  that  work  at  the  advent  of  the  Wisconsin  ice. 

It  is  probably  legitimate  to  suppose  that  the  ice  advanced 
in  a  direction  normal  to  thejpresent  limit  of  Wisconsin  drift, 
and  that  its  advancing  front  occupied  lines  successively  far- 
ther south  and  parallel  to  this  line  of  drift  limit.  Such  an 
advance  would  have  forced  the  Des  Moines,  as  it  then  Tv-as, 
over  against  the  southwest  side  of  its  valley  and  would  prob- 
ably have  blocked  its  course  between  Saylorville  and  Dailys 
run  before  the  upper  portion  of  the  stream  was  thrown  entirely 


ViG.  43.    Present  drainage  near  Des  Molne*. 

out  of  its  valley.  The  waters  of  the  upper  course,  swollen 
and  powerful,  seeking  an  outlet,  flowed  up  the  stream  i, 
across  the  low  divide,  and  through  a  into  the  Raccoon.  The 
ice  advanced  but  a  short  distance  beyond  before  coming  to  its 
final  halt,  and  it  is  not  impossible  that  the  stream  held  its 
course  under  the  ice  for  a  considerable  portion  at  least  of 
this  time.  As  the  ice  melted  back  the  river  hel^i  to  the  new 
course  and  abandoned  the  old  one. 
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With  the  continued  retreat  of  the  ice  certain  other  rear- 
rangements .took  place  in  the  streams.  The  Des  Moines 
abandoned  its  upper  valley,  now  occupied  by  the  Beaver,  and 
cut  the  newer  and  narrower  channel  in  which  it  now  flows. 
The  reasons  for  this  change  are  obscure  and  no  satisfactory 
explanation  can  now  be  given.  But  little  is  known  of  the 
course  of  the  older  channel  except  in  Polk  county.  In  Guth- 
rie county  situated  to  the  southwest,  there  are  three  streams, 
Middle  Raccoon,  Brushy  Fork,  and  South  Raccoon,  which 
have  parallel  courses,  the  general  direction  being  northwest- 
southeast.  These  streams  are  outside  the  area  covered  by 
the  Wisconsin  ice  and  were  uninfluenced  by  it.  In  a  general 
way  the  master  streams  of  the  entire  region,  where  so  unin- 
fluenced by  later  operating  causes,  flow  in  the  same  direction. 
This  is  also  the  direction  followed  by  the  old  Des  Moines 
valley  as  far  as  we  know  it,  and  it  would  seem  not  unfair  to 
suppose  it  to  be  the  true  direction  of  the  old  stream.  The 
upper  portion  of  the  Des  Moines  river,  however,  has  a  course 
much  more  nearly  due  south.  This  is  shown  much  more  strik- 
ingly above  High  Bridge  than  below. 

This  upper  portion  of  the  Des  Moines  is  consequent  upon 
the  slope  of  the  surface  at  the  retreat  of  the  Wisconsin  ice. 
The  valley  was,  in  a  certain  sense,  formed  all  at  once,  not  by 
simple  and  progressive  headwater  erosion.  This  is  seen  from 
the  fact  that  on  the  bluffs  opposite  Corydon  undrained  saucer 
depressions  occur  almost  in  sight  of  the  river  a  hundred  feet 
or  more  below.  It  is  hardly  supposable  that  a  river  could  by 
simple  headwater  erosion  cut  back  half  way  across  the  state 
and  yet  not  have  time  to  invade  the  territory  so  near  itself 
and  so  exposed  to  attack.  The  larger  portion  of  the  river 
course  must  then  have  been  established  with  great  rapidity, 
and  was  doubtless  an  immediate  result  of  the  ice  melting.  It 
is  but  natural  that  a  stream  which  owes  its  origin  to  so  inti- 
mate a  connection  with  the  ice  should  take  the  same  direc- 
tion  that  had  been  taken  by  the  ice  lobe  itself,  and  the  Des 
Moines  river  follows  quite  closely  the  median  line  of  the  Des 

M  G.  Bep. 
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Moines  lobe  of  the  glacier.  Such  a  line  was  bound  to  make 
an  angle  with  the  older  drainage  lines  and  it  seems  not  unnat- 
ural that  this  angle  should  be  at  the  apex  of  the  lobe,  particu- 
larly when,  as  has  been  explained,  the  river  course  had  at  this 
point  already  taken  the  new  direction. 

The  history  of  the  Skunk  river  and  its  tributary  Indian 
creek  can  not  be  traced  in  so  great  detail.  That  both  these 
valleys  are  preglacial  and  that  they  are  resurrected  streams 
has  already  been  indicated.  The  noteworthy  diflEerence 
between  the  Skunk  and  the  Des  Moines  is  that  in  Polk 
county  the  former  has  a  very  limited  tributary  area.  It  has 
not,  it  is  true,  cut  quite  so  deeply  as  the  Des  Moines,  but 
since  the  tributaries  of  the  two  streams  have  not  cut  back 
far  enough  to  interfere,  the  matter  is  of  but  slight  signifi- 
cance. The  resurrection  of  the  Skunk  occurred  at  the  same 
time  that  the  upper  portion  of  the  Des  Moines  was  formed. 
The  Skunk  had  softer  material  to  work  upon,  and  it  also  had 
an  established  course,  so  it  would  be  expected  to  have  been 
the  gainer.  It,  however,  follows  the  old  course  from  north- 
west to  southeast  and  hence  was  out  of  harmony  with  the 
new  drainage.  The  major  portion  of  the  water  ran  south  and 
hence  the  Des  Moines,  running  directly  in  the  course  of  the 
new  drainage,  was  favored,  while  the  Skunk  was  starved. 
In  Hamilton  and  Story  counties  the  Skunk  has  taken  the  new 
direction  and  has  a  corresponding  increase  in  tributary  drain- 
age. 

TABLE  OF  ELEVATIONS. 

The  following  table  gives  the  elevation  above  sea  level  of 
the  principal  towns  in  Polk  county  so  far  as  they  are  availa- 
ble, with  a  few  in  adjoining  counties  which  are  given  for  ref- 
erence. 
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statiok. 


Altoona .™— .- 

Ankeny 

Ashawa..... 

Avon 

Berwick —....-. 

Bondurant 

Carbondale 

Commerce 

Crocker 

Cummings 

Des  Moines — 

Low  water  at  mouth  of  Raccoon 

Fourth  and  Walnut 

Capitol  avenue  and  East  Eleventh  street ... 

Grand  avenue  and  East  Seventeenth  street 

Cottage  Grove  and  Western  avenue  ...... . 

Hastie 

Milliman ... --..-...--....--  . .. 

Mitchellville 

Oralabor 

Polk  City  Junction 

Runnells 

Santiago  — 

Saylor 

Sheldahl 

Tamworth 

Valley  Junction 


776 
807 
888 
835 
969 
779 
830 
976 
976 
960 
750 
832 
965 
1,042 
762 
810 


AUTHORITY. 


C,  R.  I.  &  P. 

C.  &  N.-W. 
C,  R.  I.  &  P. 
C  ,  R  I.  &  P. 
C.  Gt  W. 
C.  Gt.  W. 
Barometer. 
C,  R  L  &  P. 
C.  &  N  -W. 
C.  Gt.  W. 


City  Engineer. 
City  Engineer. 
City  Engineer. 
City  Engineer* 
Wabash. 
C.  Gt.  W. 
C  ,  R  I.  &  P. 
C.  &  N.-W. 
C.  &  N  -W. 
Wabash. 
C.  Gt  W. 
C.  &  N.-W. 
C.  &  N  -W. 
Wabash. 
C  ,  R  I.  &  P. 


STRATIGRAPHY. 
Geological  Formations. 

GENERAL  RELATIONS  OF  STRATA. 

The  rocks  of  Polk  county  belong  to  two  series  of  very  dif- 
ferent character,  age  and  origin.  The  more  obvious  surface 
material  consists  of  a  sheet  of  drift,  loess,  sand,  gravel  and 
alluvium  which  has  been  spread  over,  and  very  largely  con- 
ceals, the  underlying  indurated  beds,  which  alone  are  com- 
monly known  as  rock.  The  latter  includes  the  usual  coals, 
shales  and  sandstones  common  to  the  coal  measures  of  the 
state.  The  former  includes  the  glacial  and  river  deposits  of 
the  Pleistocene.  The  major  physiographic  features  are  due 
to  the  coal  measures.  The  flat  uplands,  the  main  river  dividea 
and  many  of  the  minor  stream  partings  are  formed  of  these 
beds.     Exposures  of  coal  measures  occur  quite  generally 
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along  the  Des  Moines  river  and  throughout  the  southern  por- 
tion of  the  county.  The  whole  area  of  the  county,  ho-wever, 
with  the  exception  of  the  limited  outcrops  of  coal  measures, 
is  covered  by  a  heavy  mantle  of  Pleistocene  beds  which  give 
character  to  the  minor  physiographic  features. 

The  taxonomic  rank  of  the  formations  exposed  in  the  county 
is  shown  in  the  following  table. 


GEOCP. 

SYSTEM. 

STASE. 

P0B»£ATION. 

Pleietiocene. 

Recent. 

Alluvium. 

Cenozoic. 

Glacial. 

lowan. 
Kansao. 
Attoniaa 
Pre-Kansan. 

Drift. 

Loess. 

Drift 

Oravels. 

Drift. 

Paleozoic. 

Carboniferous 

CarbooiIeroUB. 

Dea  Molnea. 

CARBONIFEROUS. 
UNDERLYING  FORMATIONS. 

No  formations  lower  than  the  coal  measures  are  exposed 
within  the  county.  The  nearest  outcrops  of  the  next  under- 
lying strata,  the  Saint  Louis  limestone,  occur  in  Story  county 
on  the  north  and  Marion  county  to  the  southeast.  The  rocks 
still  lower,  outcrop  in  regular  sequence  to  the  northeast. 
Some  deep  boring  has  been  done  within  the  county  so  that  we 
know  a  little  of  these  underlying  beds.  The  Greenwood  park 
well,  recently  completed,  was  carried  to  a  depth  of  3,000  feet. 
Samples  of  the  drillings  were  carefully  preserved  by  Mr.  E. 
Van  Hyning  and  were  studied  by  Prof.  W.  H.  Norton  of  this 
survey.  The  record  of  this  well  with  Professor  Norton's  cor- 
relations is  given  below. 

QBBSNWOOD  PABK  WELL. 

BaooBD  or  STKATA. 
78.    Tin, buff, Bandy  wim  a  few  pebbles,  non- 

caloareouB 

T7.    Shale,  black,  brittle,  carbonaceous 
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BBOOBD  or  8TBATA.  THICKinBS. 

76.    Shale,  grray  "foeslliferous" 1  16 

75.    Shale,  black,  carbonaceous,  calcareous, 

highly  pyritiferous 8  19 

74.    Shale,  gray 4  23 

73.    Shale    and    limestone,  bluish   gray, 

highly  fossiliferous 15  38 

72.    Shale,  varicolored 67  105 

71.    Shale,  bluish  gray,  highly  and  finely 

arenaceous,  hard •      10  115 

70.    Shale,  bluish  gray,  slightly  calcareous     60  175 

69.  Shale,  dark  drab  and  black,  carbona- 
ceous  11  186 

68.  Shales,  gray,  drab  and  purplish,  prac- 
tically non-calcareous,  one  foot  of 
gray  chert  at  281  feet 292  198  (?) 

67.  Shale  with  chert,  heavy  bed,  very  hard 
to  drill.  The  most  of  the  sample  is 
an  argillo-oalcareous  powder  of  260*^; 
34^  remain  after  washing  as  sand  of 
white  chert,  flint  and  limestone.  Of 
this  residue  8^  are  soluble  in  acid. 
Of  the  216®  washed  out  as  powder  92P 
are  soluble  in  acid.  The  shale  is  re- 
ported as  caving  in  from  above,  but 
its  calcareous  nature  indicates  that 
it  is  in  part  interstratified  with  chert 
and  limestone 170  668 

66.    Limestone  and  chert,  brownish  gray..      30  698 

65.    Shale,  light  blue  and  gray 40  738 

64.  Shale,  terra  cotta  red,  highly  calcar- 
eous  ....... 10  748 

63.    Shale,  light  blue,  gray 25  773 

62.    Shale,  light  gray,  highly  calcareous, 

fine  oherty  residue 85  858 

61.    Limestone,  light  buff,  with  much  gray 

chert 80  938 

60.  Limestone,  light  blue,  gray,  crystal- 
line,saccharoidal,effervescence  slow, 
with  considerable  white  gypsum 20  958 

59.  Limestone,  cherty,  crystalline,  blue- 
gray,  effervescence  moderately  rapid     53  1011 

58.  Limestone,  cherty,  crystalline,  sao- 
charoidal,  dark  blue,  gray  and  buff, 
effervescence  indicates  magnesian 
limestone,  but  not  dolomites 197  1208 
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57.  Gypsum  and  shale,  gypsum  gray  and 
white  in  flakes,  shale  green,  perhaiMS 
from  above 15  1223 

56.    Limestone,  light  blue,  gray,  highly  sel- 

enif  erous,  with  some  flakes  of  gypsum    145  13i8 

66.  Limestone,  cherty,  arenaceous,  grains 
of  sand  minutely  rounded,  much 
shale  in  rounded  fragments,  x>erhaps 
from  above 22  1390 

54.  Dolomite,  bufl,  crystalline,  granular, 
with  much  chert  and  some  chalce- 
donic  silica,  three  samples 55  1445 

53.  Shales  in  large  fragments,  purplish 
yellow  and  green,  non-calt^areous, 
flnely  laminated,  gritty 33  1478 

52.    Dolomite,    in    yellow    gray   powder, 

cherty 250  1738 

51.  Dolomites,  yellow,  buff  and  brown, 
mostly  cherty  and  residue  flnely 
quartzose,  five  samples 155  1938 

50.    Shale,  green,  very  slightly  calcareous       8  1946 

49.    Dolomite,  brown,  arenaceous 30  1970 

48.  Shale,  dark  green,  hard,  **fossilif er- 
ous," practically  non-calcareous 10  1986 

47.  Sandstone,  fine  white  grains  moder- 
ately well  rounded 39  2025 

46.  Shale,  drillings  consist  of  greenish 
powder  of  dolomite  chert,  fine  quartz 
sand,  green  shale  and  pynte 7  2032 

45.    Dolomite,  arenaceous  and  cherty 30  2062 

44.  Shale,  drab,  calcareous  in  part,  finest 
powder  containing  grains  of  buff 
cherty  dolomite 23  2085 

43.    Dolomite,  gray —       5  2090 

42.  Dolomite,  same  with  minute  rounded 
vesicles  resembling  matrix  of  odlite 
from  which  grains  have  been  dis- 
solved         5  2995 

41.    Dolomite 5  2100 

40.    Shale,  as  No.  44,  exceedingly  hard  to 

drill 4  2140 

39.  Dolomite,  arenaceous,  gray,  two  sam- 
ples  -.       8  2148 

38.    Shale,  drab,  calcareous 6  2154 

37.    Sandstone,  white,  fine,  calcif erous 10  2164 
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explanation  is  in  accord  with  the  fact  that  analyses  and 
pliysical  tests  of  many  of  these  clays  show  that  they  have 
"not  passed  through  the  process  of  leaching  by  which  others 
IiaiVe  lost  their  percentage  of  fluxing  impurities,  lime,  mag- 
nesia, iron  oxide  and  alkalies.     This  is  quite  commonly  true 
of  the  so-called  fire  clays  of  the  coal  measures.    The  main 
mass  of  the  argillaceous  material  shows,  however,  a  distinct 
sb.aly  structure.    This  is  probably  the  expression  of  cleavage 
developed  parallel  to  bedding.    The  sedimentary  lamination 
may  be  quite  fine  but  is  frequently  the  opposite.    It  is  shown 
in  perhaps  average  character  in  figure  44,  a  detail  from  the 
pit  of  the  Newman  Brothers  Brick  Co.  near  Hastie.    It  may 
be  seen  equally  well  in  any  of  the  large  clay  pits  near  Des 
Moines. 

The  argillaceous  shale  passes  by  insensible  gradations  into 
sandy  shales  and  this  again  into  well  defined  sandstone.  This 
transition  is  excellently  shown  along  the  railway  track  at  the 
foot  of  Capitol  Hill.  Sandy  shales  are  common  throughout  the 
coal  measures.  They  are  frequently  of  considerable  thickness 
and  lateral  extent,  and  they  exhibit  most  intimate  relations 
with  the  great  body  of  the  argillaceous  shale.  They  are  in 
marked  contrast  with  the  sandstones  into  which  they  grade, 
in  that  the  latter  occur  over  narrow  limits  usually  in  sharply 
defined  bodies.  The  shale  gives  long  gentle  erosion  slopes. 
The  sandstone  yields  narrow  tortuous  ravines  with  steep  sides. 
Within  Polk  county  the  silicia  is  usually  disseminated  through- 
out the  shales.  Sandstones  are  relatively  rare.  In  the  south- 
east portion  of  the  area  is  the  Ford  sandstone.  On  the  north 
of  the  river  between  Runnells  and  Adelphi  thinner  sandstone 
beds  are  encountered  at  several  points,  and  borings  on  the 
upland  north  of  Morgan  Valley  shows  sandstone  common 
in  the  region.  At  the  foot  of  Capitol  Hill  is  the  sandstone 
shown  in  figure  45  which,  passing  over  the  anticline  at  the 
Center  street  dam  is  seen  at  Thompsons  bend  and  again  near 
the  Sixth  street  bridge  at  the  locality  long  known  as  the 
Devils  Gap.     Across  the  river  a  sandstone,  probably  of  the 
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-RIOOBD  OF  0SBATA.  (HZGUOBS.  ] 

9.  Shale  and  dolomite,  shale  hard,  dark 
bright  green  slaty  Dolomite  white, 
highly  siliceous,  with  much  greenish 
translucent  amorphous  silica.  Two 
samples  of  the  second;  over  one-half 
the  weight  of  the  sample  is  soluble 
in  acid 20  2730 

8.  Sandstone,  buff  in  color,  in  powder, 
glauconiferous.  This  rock  is  termed 
sandstone  although  composed  chiefly 
of  light  colored  partings  of  impure 
cryptocrystalline  silica  which  effer- 
vesces freely  in  acid;  fragments  of 
crystalline  quartz  form  but  a  small 
proportion  of  the  drillings 20  2750 

7.  Sandstone,  saccharoidal,  dark,  with 
purplish  tinge,  dark  color  owing  to 
numerous  grains  of  glauconite,  pur- 
plish tinge  to  ferruginous  stains  on 
quartz  sand;  sand  grains  rough  sur- 
faced, imx>erfectly  rounded,  many 
fractured  of  crystalline  silica 130  2880 

6.  Dolomite,  dark  gray-greenish  tinge, 
macrocrystalline,  glauconiferous, 
sparingly  arenaceous 5  2885 

5.  Sandstone,  greenish,  grains  micro- 
scopic  — .-       5  2800 

4.  Shale,  dull  gray,  fine  grains  and  ex- 
ceedingly finely  laminated 5  2805 

3.  Sandstone,  glauconiferous,  calciferous, 
grains  imperfectly  rounded,  with 
hard  dark  green  slaty  shale 15  2910 

2.  Marl  in  buff  fiour,  microscopically 
arenaceous,  calciferous,  glauconifer- 
ous       60  2960 

1.  Marl,  pink,calciferous,  arenaceou8,one- 
third  of  drillings  by  weight  insoluble 
in  acid,  to  bottom  of  well 40  3000 
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SUMMARY. 


▲.  T. 


K08. 


78 
68-78 
06-67 
62-65 

61 
54-60 

63 
4a-52 

47 
3&^6 
25-38 

24 

8-23 

1-7 


Pleistocene. 

Des  Moines 

Mississippian... 
Kinderhook  .... 

Devonian .. 

Silurian  (upper) 

Maquoketa . 

Galena-Trenton . 

Saint  Peter 

Upper  Oneota  .. 
New  Biohmond. 
Lower  Oneota  .. 

Saint  Croix 

Basal  sandstone 


THICKNESS. 

DEPTH. 

14 

14 

484 

498 

200 

698 

160 

858 

80 

938 

G07 

)i446 

33 

1,478 

608 

1,986 

39 

2,025 

124 

2,149 

94 

2,243 

176 

2,418 

332 

2,750 

260 

3,000  1 

858 

374 

174 

14 

-66 

-573 

-606 

-1,114 

-1,153 

-1,277 

-1,371 

-1,546 

-1,878 

-2.128 


BASE  OF  THE  COAL  MEASURES. 

At  Mitchellville,  with  an  altitude  of  about  976  feet,  a  bor- 
ing put  down  to  a  depth  of  264  feet*  passed  through  forty 
feet  of  material  which  probably  belongs  to  the  Saint  Louis. 
This  would  make  the  altitude  of  the  base  of  the  Saint  Louis 
about  760  feet  at  this  point.  In  borings  made  upon  the  river 
bottom  near  Carbondale,  the  Saint  Louis  was  reached  at 
about  200  feet  below  the  river,  or  at  about  600  feet  A.  T.  At 
Valley  Junction  the  limestone  is  said  to  have  been  found  at 
about  the  same  level,  while  south  of  Millman  one  boring,  if 
properly  interpreted,  would  bring  it  still  nearer  the  surface. 
In  the  Greenwood  Park  well  the  coal  measures  were  f  oimd  to 
extend  to  a  depth  of  498  feet,  or  to  altitude  374.  At  Com- 
merce, on  the  other  hand.  Saint  Louis  lies  at  least  550  feet 
below  the  surface,  or  about  300  feet  A.  T. 

While  a  certain  amount  of  doubt  is  attached  to  some  of 
these  borings,  and  it  is  impossible  to  verify  them  at  this  date, 
it  is  believed  that  the  underlying  limestone  will  be  found  to 
exhibit  in  this  region  the  same  irregular  surface  which  it 
shows  farther  east  in  its  area  of  outcrop.  Indeed  the  differ- 
ences shown  by  the  borings  are  even  greater  than  those 
known  to  occur  elsewhere. 


*860OAd  Blen.  Sept.  BIftte  Mine  Inspector,  p.  US.  Dm  Hoin«B,  tStt. 
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The  Greenwood  Park  drillings  were  carefully  collected  and 
studied  and  the  record  is  believed  to  be  especially  trust- 
worthy, despite  the  fact  that  it  shows  certain  exceptions  to  the 
stratigraphy  of  the  region.  The  well  shows,  no  coal,  though 
situated  not  iar  from  mines  now  producing  and  very  near  to 
points  at  which  coal  has  been  mined.  As  will  be  seen  later, 
however,  this  fact  is  not  a  matter  of  so  much  surprise,  as 
barren  holes  are  frequently  put  down  in  the  midst  of  product- 
ive coal  fields,  particularly  in  the  Iowa-Missouri  region. 

GENERAL  CHARACTER  OP  THE  COAL  MEASURES. 

The  coal  measures  of  Polk  county  belong  to  the  stage 
which  the  survey  has  called  the  Des  Moines  formation.  When 
first  studied  by  Owen*  and  later  by  Worthen,t  no  attempt 
was  made  to  divide  the  coal  measures.  White^:  considered  them 
to  be  made  up  of  three  formations  which  he  called  Lower,  Mid- 
dle and  Upper  Coal  Measures.  The  beds  of  the  southwestern 
portion  of  Polk  county  were  assigned  to  the  middle  division, 
while  those  underlying  the  remainder  of  the  coimty  were  put 
in  the  lower  division.  Keyes§  has  divided  the  series  into 
two  terrains,  the  Missourian  and  the  Des  Moines,  and  more 
recently  has  considered  the  two  divisions  to  be  independent 
series.  1  It  is  the  Des  Moines,  or  lower  stage,  which  is  rep- 
resented in  Polk  county. 

The  beds  which  have  been  included  under  the  name  Des 
Moines  formation  form  a  complex  of  shales,  sandstones  and 
coals,  with  a  few  thin  limestones  intercalated.  Their  variety 
is  quite  well  shown  in  the  following  general  section  of  the 
Carboniferous  strata  found  above  the  water  level  in  the  vicin- 
ity of  Des  Moines. 

FBIT.  UrOHXfl. 

18.    Variegated  clay  shales 13 

17.    Blue  limestone,  nodular,  impure,  weathering 

brown,  fossiliferous.... 8 

16.    Variegated  shales ....    8 

•Owen:  Geol.  Sarr.  Mo.,  Iowa  and  Minn.,  p.  ISl.   1868. 
tWorthen:  Oeol.  Iowa,  toI.  I,  p.  171.    1858. 
« White:  Geol.  Iowa,  vol.  I,  p.  291.   1870. 
•Eeyes:  Iowa  Geol.  Sarr.,  toL  I,  p  85.   1893. 
I  Am.  Jonr.  8ci.  (4),  vol.  II,  pp.  111-885.   1886. 
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FIST.        ZH0HK8.  • 

15.     Bituminous  shale,  with  concretionary  calca- 
reous masses  below,  f oesil-bearing 3 

14.    Coal : 2 

13.     Light  yellow  and  drab  shale 7 

12.    Variegated  clay  shale 4 

11.    Limestone 8 

10.    Shales,  variegated,  clayey 4 

9.    Limestone,  nodular,  earthy,  passing  in  places 

into  marl,  highly  f ossilif erous 6 

8.    Clay  shale,  light  colored 6 

7.    Sandstone,    soft,    micaceous,  becoming   in 

places  an  arenaceous  shale ... 20 

6.    Shale,  clayey,  gray,  yellow  and  red  in  color.    8 

6.    San^  rock,  grayish,  soft 4 

4.  Coal,  impure,  divided  in  places  into  three 
thin  seams,  varying  considerably  in  thick- 
ness     2 

3.    Shale,  light  gray,  fissile 5 

2.    Shale,  light  to  dark  gray,  micaceous  below, 

bituminous   above. « 6 

1.    Shale,  white,  siliceous - _..  10 

.  Nos.  1  to  7  inclusive  are  shown  at  the  pit  of  the  Iowa  Pipe 
&  Tile  Co. ;  Nos.  7  to  12  are  exposed  at  the  south  end  of  Cap- 
itol Hill;  Nos.  12  to  18  are  shown  in  street  cuttings  and  clay 
pits  in  the  northwestern  portion  of  Des  Moines. 

As  will  be  seen,  the  shales  are  predominant,  and  exhibit 
many  facies.  Details  of  their  lithological  characters  are 
shown  in  the  sections  later  described  and  are  noted  in  the 
descriptions  of  the  brick  pits.  There  are  three  fairly  well 
defined  types.  The  more  common  perhaps  is  the  argillaceous 
phase.  This  shale  varies  widely  in  color,  showing  shades  of 
red,  blue,  green  and  yellow.  It  is  in  the  main  a  clay,  and 
may  or  may  not  show  the  shaly  partings  often  considered  the 
distinguishing  feature  of  shales.  The  absence  of  these  part- 
mgs  is  often  a  matter  of  weathering,  as  shown  by  their  greater 
prominence  at  fresh  exposures. 

At  certain  points  argillaceous  shale  grades  directly  into  the 
clay  found  under  coal  seams  and  commonly  known  as  fire 
clay.     The  suggestion,  of  course,  is  that  the  change  here 
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was  due  to  weatheriDg,  and  that  loss  of  structure  was  one  of 
the  steps  in  the  process  of  change  from  shale  to  soil.  If  we 
are  to  believe  that  each  coal  seam  rested  upon  a  soil,  this 
might  be  the  correct  explanation,  and  probably  is  in  some 
cases.  Many  coal  seams,  however,  do  not  rest  upon  soils  or 
anything  of  the  nature  of  soils,  and  it  seems  not  unlikely  that 
the  closeness  of    the    relations  between  the  coal  and  its 
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Fio.  4*.    OlftV  ■hales  Id  the  pit  ot  Newman  Bros.  Brick  Oa„  near  BaMle. 

underljdng  Are  clay  has  been  too  much  insisted  upon.  The 
presence  of  considerable  bodies  of  loess  showing  no  lam- 
nation  whatever,  in  such  situations  and  under  such  con- 
ditions that  its  origin  by  aqueous  deposition  can  not  be 
doubted,  may  be  taken  as  evidence  that  lamination  is  not 
a  necessary  characteristic  of  sedimentary  beds,  and  it  may 
reasonably  be  maintained  that  much  of  the  non-laminated 
material  forming  the  so-called  fire  clays  of  the  coal  meas- 
ures was  originally  deposited  in  its  present  condition.    This 
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explanation  is  in  accord  with  the  fact  that  analyses  and 
physical  tests  of  many  of  these  clays  show  that  they  have 
not  passed  through  the  process  of  leaching  by  which  others 
have  lost  their  percentage  of  fluxing  impurities,  lime,  mag- 
nesia, iron  oxide  and  alkalies.  This  is  quite  commonly  true 
of  the  so-called  fire  clays  of  the  coal  measures.  The  main 
mass  of  the  argillaceous  material  shows,  however,  a  distinct 
shaly  structure.  This  is  probably  the  expression  of  cleavage 
developed  parallel  to  bedding.  The  sedimentary  lamination 
may  be  quite  fine  but  is  frequently  the  opposite.  It  is  shown 
in  perhaps  average  character  in  figure  44,  a  detail  from  the 
pit  of  the  Newman  Brothers  Brick  Co.  near  Hastie.  It  may 
be  seen  equally  well  in  any  of  the  large  clay  pits  near  Des 
Moines. 

The  argillaceous  shale  passes  by  insensible  gradations  into 
sandy  shales  and  this  again  into  well  defined  sandstone.  This 
transition  is  excellently  shown  along  the  railway  track  at  the 
foot  of  Capitol  Hill.  Sandy  shales  are  common  throughout  the 
coal  measures.  They  are  frequently  of  considerable  thickness 
and  lateral  extent,  and  they  exhibit  most  intimate  relations 
with  the  great  body  of  the  argillaceous  shale.  They  are  in 
marked  contrast  with  the  sandstones  into  which  they  grade, 
in  that  the  latter  occur  over  narrow  limits  usually  in  sharply 
defined  bodies.  The  shale  gives  long  gentle  erosion  slopes. 
The  sandstone  yields  narrow  tortuous  ravines  with  steep  sides. 
Within  Polk  county  the  silicia  is  usually  disseminated  through- 
out the  shales.  Sandstones  are  relatively  rare.  In  the  south- 
east portion  of  the  area  is  the  Ford  sandstone.  On  the  north 
of  the  river  between  Runnells  and  Adelphi  thinner  sandstone 
beds  are  encountered  at  several  points,  and  borings  on  the 
upland  north  of  Morgan  Valley  shows  sandstone  common 
in  the  region.  At  the  foot  of  Capitol  Hill  is  the  sandstone 
shown  in  figure  45  which,  passing  over  the  anticline  at  the 
Center  street  dam  is  seen  at  Thompsons  bend  and  again  near 
the  Sixth  street  bridge  at  the  locality  long  known  as  the 
Devils  Gap.     Across  the  river  a  sandstone,  probably  of  the 
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same  horizon,  is  frequently  struck  in  wells  at  Highland  Park. 
East  of  this  point,  and  across  the  old  valley  already  described, 
sandstone  is  frequently  encountered  near  the  surface  in  the 
ridge  between  the  old  river  valley  and  that  of  Four  Mile 
creek.  A  thin  sandstone  occurs  immediately  under  the  drift 
at  the  Saylorville  mine,  and  heavy  sandstone  ledges  outcrop 
along  the  south  side  of  the  Des  Moines  immediately  below 


Fia.lS.    BMia«oii«U(liefcMtotOftpltol 


the  mouth  of  Beaver  creek.  South  of  the  river  thin  sand- 
stones occur  near  the  old  Eclipse  mine  and  south  of  Com- 
merce. Nowhere,  however,  are  there  any  massive  sandstone 
deposits  comparable  to  those  found  at  Red  Rock,  in  Marion 
county,  and  at  many  other  points  in  the  state.  The  sand- 
stones present  are  essentially  local  in  distribution,  and  while 
the  Capitol  Hill,  Thompsons  bend,  Devils  Gap  and  probably 
Beaver  creek  sandstones  not  improbably  belong  to  the  same 
horizon,  their  correlation  is  made  upon  other  grounds  than 
their  lithological  identity  and  proximity. 

The  third  phase  of  shale  is  that  exhibited  in  the  bituminous 
facies.    This  is  black,  usually  shows  well  developed  cleavage 
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parallel  to  the  bedding,  frequently  contains  a  considerable 
amount  of  coaly  material,  and  passes  by  gradation  through 
"black  jack"  to  coal.  It  is  closely  connected  genetically 
with  coal  and  frequently  occurs  directly  over  coal  seams. 
For  this  reason  it  is  considered  a  hopeful  sign  by  prospectors 
and  is  eagerly  sought.  It  occurs,  however,  not  rarely  where 
no  coal  seam  is  present,  or  where  the  latter,  though  present, 
is  not  workable,  so  that  it  is  far  from  being  a  reliable  guide. 

Bituminous  shale  usually  contains  a  certain  percentage  of 
both  lime  and  iron.  In  some  instances  these  assume  undue 
proportions  and  the  result  is  the  formation  of  clay-ironstone, 
a  low  carbonate  iron  ore  known  usually  to  the  miners  as 
"nigger  heads."  These  clay-ironstone  masses  occur  in  the 
coal,  along  the  horizon 
between  the  coal  and 
the  overlying  shale  or 
slate,  and  up  in  the 
latter.  They  frequent- 
ly cause  considerable 
trouble    in   mining, 

though  at  other  times  wh'en  the  material  is  disposed  in  the  form 
of  a  sheet  rather  than  a  lenticular  mass  they  make  an  excel- 
lent roof. 

These  clay- ironstones  have  been  found  in  several  of  the 
mines  and  were  quite  well  shown  in  the  old  Bloomfield  mine 
on  the  south  side.*  As  seen  here  they  varied  in  size  from 
horizontal  dimensions  of  a  few  inches  up  to  ten  or  twelve  feet. 
In  thickness  some  were  as  much  as  six  feet.  An  analysis  of 
similar  material  from  a  mine  in  Mahaska  county  showed  the 
presence  of  about  88  per  cent  of  limestone,  with  8  per  cent 
of  organic  matter  and  small  percentages  of  iron  oxides  and 
sulphides.  The  rock  is  therefore  essentially  an  impure  lime- 
stone. 

The  bituminous  shale  also  grades  into  that  of  the  argilla- 
ceous type.     It  becomes  less  and  less  black  and  usually  shows 

•Kejea:  [ownOeol.  SarT..  vol.  II,  pik3T»-EBl.    Des  Holoes,  IBM. 
29  8.  Bep. 
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a  corresponding  decrease  in  the  perfection  of  the    cleavage. 
This  is  well  in  accord  with  the  fact  that  coal  which  has  suf- 
fered much  compression  is  finely  laminated  and  splits  easily. 
The  bituminous  shale  often  contains  notable  percentages  of 
coal    and    has    suffered  corresponding  diminution    in   bulli. 
Cleavage  of  the  grade  found  here,  which  perhaps    to  some 
extent  depends  upon  original  lamination,  is  broug"ht  out  by 
pressure  and  the  changes  due  to  it.    The  sandstones  and 
sandy  shales  have  suffered  little  compression,  the  clays  and 
argillaceous  shales  more,  the  bituminous  shales  still   more 
and  the  coal  most  of  all.    The  cleavage  increases  in  a  corre- 
sponding order,  the  exceptions  being  certain  clays  probably 
not  originally  laminated,  and  coal  where  the  chemical  change 
has  often  been  sogreat  as  to  ob-scure  the  texture.     The  elay- 
ironstones  have  withstood  the  pressure,  so  where  they  occur 
in  the  coal  the  lamination  planes  of  the  latter  bend  round  them 
as  noted  by  Keyes.*    In  this  they  follow  the  law  formulated 
by  Van  Hise,t  that  cleavage  develops  normal  to  the  pres- 
sure, the  latter  being  in  this  case  normal  to  the  surface  of  the 
ironstone  mass  which  resisted  compression.    The  phenomena 
is  analogous  to  that  of  a  bowlder  of  hard  material  in  a  squeezed 
conglomerate,  and  possibly  the  foliation  sometimes  observed 
in  drifti  may  be  explained  by  the  same  process. 

In  general  throughout  the  shales  the  pressure  is  normal  to 
the  bedding  and  in  the  direction  of  gravity.  While  the  results 
are  slight,  and  in  that  particular  correspond  to  the  pressure, 
they  seem  to  differ  only  in  degree  from  the  better  developed 
phenomena  known  usually  as  cleavage.  As  defined  by  Van 
Hise,  the  phenomena  of  capacity  to  split  into  thin  plates,  so 
commonly  seen  in  the  bituminous  and  other  shales  of  the  coal 
measures  and  described  in  the  previous  reports  of  the  Iowa 
Survey  as  fissility,  falls  rather  under  the  definition  of  cleavage 
as  seen  above. 

•Seres:  towaGaol.  EuiT.,  vol.  II.  p.tSl.    Dea  Uoluea,  I8IB. 

tPriD.  N.  A.  Pre-Okmb.  Qcol..  Sliteeatb  Ann.  Bap.  D.  S.  G.  S.,  pt.  L  p.  BSa.    IBWI. 

tSUlibnry;  Joar.  Qeol..  vol.  It.  pp.  no.  191.  OhicaRO,  ISSS. 
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settles  to  a.  thickness  of  from  one-tenth  to  one-sixteenth  of 
that  of  the  original  mass  of  vegetal  matter.  This  settling 
would  under  favorable  eireumstanees  show  itself  in  the  for- 
mation of  a  basin  above,  the  basin  in  turn  giving  favorable 
conditions  for  coal  formation.  The  formation  of  one  coal 
seam  thus  opens  the  way  for  the  fbrmation  of  a  second  after 
such  a  time  as  would  allow  the  accumulation  of  sufficient 
material  to  afford  effective  pressure.  W  here  a  coal  seam  is 
found  under  such  conditions  it  should  show  in  the  upper  bed 
the  inequalities  of  the  lower,  and  it  is  a  suggestive  fact  that 

in  the  old  Eureka 
mine  when  two 
seams  were 
worked,  this  was 
found  to  be  true. 
It  must  not,  how- 
ever, be  consid- 
ered as  necessar- 
ily true  that  when 
two  .seams  are 
found  they  fit  to- 
gether in  this 
manner.  In  the 
Keb  mine  of  the 
"Whitebreast  Fuel  Co.  at  Ottumwa,  there  are  two  seams  in  which 
the  thin  parts  of  the  upper  overlie  the  thicker  portions  of  the 
lower  seam.  In  this  case  the  two  beds  are  only  separated  by 
a  few  feet  of  intervening  strata,  and  it  is  possible  that  the 
amount  of  pressure  due  to  the  superincumbent  material  was 
not  sufficient  to  be  effective  at  the  time  of  the  formation  of 
the  second  seam. 

In  the  mines  south  of  the  river  at  Des  Moines  the  rolling 
of  the  coal  is  a  constant  factor.  The  thinning  of  the  beds  is 
also  common.  The  fieldds'divided  up  into  a  number  of  smaller 
areas  by  a  series -of  what  are  known  as  faults  by  the  miners. 
With  one  exception  these  are  probably  not  true  faults  in  the 
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sense  in  which  the  term  is  used  by  a  geologist.  They  do  not, 
so  far  as  known,  mark  lines  of  disturbance.  The  coal  rises 
fcoi^ards  them  on  both  sides  and  thins  in  the  same  direction, 
so  that  they  seem  rather  to  mark  the  original  dividing  lines 
between  separate  coal  basins  rather  than  lines  of  subsequent 
fracture.  Since  many  of  themines  are  now  closed  and  in 
others  the  faults  cannot  now  be  examined  this  cannot  be  posi- 
tively stated,  and  their  distribution  as  shown  on  the  sketch 
map  may  not  be  quite  accurate  though  the  map  is  made  from 
the  best  obtainable  information. 

If,  however,  their  origin  be  that  surmised,  the  explanation 
of  the  fact  that  in  no  case  was  the  coal  found  by  drifting  is 
easy.  The  limits  of  that  particular  basin  had  been  reached 
in  that  direction.  The  presence,  however,  of  a  similar  basin 
at  about  the  same  general  level  a  short  distance  away  is 
exactly  what  would  be  expected,  so  that  the  field  as  a  whole 
shows  a  typical  development  of  a  coal  horizon. 

The  exception  among  these  fault  lines  is  the  one  found 
east  of  the  Coon  Valley  mines.  From  descriptions  given  by 
men  who  examined  this,  it  seems  to  have  been  a  true  fault. 
If,  however,  this  be  the  case,  and  there  is  some  independent 
evidence  favoring  such  an  hypothesis,  the  throw  is  slight  and 
the  region  affected  is  limited.  An  examination  of  the  section 
from  Capitol  hill  to  Walnut  creek  indicates  that  within  narrow 
limits  the  beds  have  suffered  no  disturbance. 

The  limestones  of  the  coal  measures  are  not  prominent  in 
the  lower  portion  of  the  Des  Moines  terrain.  In  Polk  county 
a  few  thin  limestone  bands  alone  outcrop.  These  rarely 
attain  a  thickness  of  so  much  as  a  foot.  Their  importance  is, 
however,  quite  out  of  proportion  to  their  thickness  since  they 
form  such  excellent  stratigraphic  horizons.  In  the  vicinity 
of  Des  Moines  there  are  at  least  three  persistent  limestone 
bands  which  afford  the  means  of  definitely  correlating  many 
of  the  exposures.  Their  use  is  seen  in  the  sections  which 
follow. 
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It  is  not  possible  at  this  time  to  present  detailed  sections 
across  the  entire  county  which  would  be  of  any  value.  Sec- 
tions starting  from  Capitol  Hill  have  been  made  north  of  the 
mouth  of  Beaver  creek  and  west  as  far  as  Walnut  creek. 
These  sections  were  possible  because  of  the  presence  of  the 
thin  limestones  mentioned  above.  In  the  remainder  of  the 
county  it  is  not  felt  that  the  data  are  of  such  value  as  to  per- 
mit the  exact  form  of  statement  given  by  a  section. 

SECTION  FROM  CAPITOL  HILL  TO  THE  MOUTH  OF  BEAVSR  CREEK. 

The  exposures  along  the  Des  Moines  river  from  the  mouth 
of  the  Raccoon  to  the  mouth  of  Beaver  are  quite  numerous 
and  are  typical  for  the  region.  At  Capitol  Hill  the  following 
excellent  section  may  be  made  out. 

CAPITOL  BILL  SBCTION. 

FBir.        TBCBWB, 

11.    Variegated  clay  shales...... 25 

10.    Limestone 8 

9.     Light  gray  to  drab  shale 4 

8.    Limestone 6 

7.    Light  gray  shales.. 5 

6.  Sandstone,  irregularly  bedded,  well  exposed 
along  the  railway  tracks  at  the  foot  of  the 
hm 25 

« 

5.  Shale,  light  gray 2 

4.  Coal 2 

3.  Shale,  sandy 3 

2.  Coal 3 

1.  Shales,  light  gray « 2 

Numbers  1  and  5  are  well  shown  at  the  east  end  of  the 
exposure,  but  the  rather  unusually  pronounced  dip  to  the 
southwest  carries  them  below  the  level  of  the  railway  track 
east  of  Ninth  street. 

TILV   TABD   SVOTION. 

At  the  east  front  of  the  hill,  in  the  pit  of  the  Iowa  Pipe  & 
Tile  Co. ,  the  following  excellent  section  is  exposed. 


Mr  .iv,ii., 
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9.  Shale,  argillaceous,  yellow 20 

8.  Shale,  clayey,  gray,  yellow  and  ted  in  color 8 

7,  Sandrock,  gray,  soft  .... 4 

6,  Shale,  black,  in  part  clayey 1* 

5  Saodrock,  gray    -,- - 4 

4,  Coal,  Impure,  ehaley li 

3.  bhale,  light  gray     5 

2.  Shale,  light  gray  to  dark 8 

I.  Shale,  white,  BlliceouB 10 

Number  9  of  this  section  may  be  correlated  with  number  6 


FiQ.  18.   Blnffo' 


of  the  preceding.     Above  it  in  the  hill  numbers  8  and  10  of 
the  Capitol  Hill  section  are  found  at  the  correct  level. 

Across  the  river  from  the  exposure  just  given  is  a  better 
section,  showing  the  coal  bed  divided  into  three  parts.  The 
dip  is  to  the  north  and  the  three  parts  of  the  coal  seam  come 
together,  the  intervening  sandstone  partings  wedging  out  as 
shown  in  the  figure. 

rm.       iHOBBS. 

12     Drift  6 

II     SandHtone,    soft,    micaceous,   bufi  io  color, 

massive  in  places 10 

10.    flay  shales,  light  colored 5 

9,    Coal  2  6 

8.    Sand,  loose 0 
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A.  Sandstone,  massive,  Snegrklned ..    2 

6.  Coal 1 

4  Cl*7  shale,  yellow  and  blue  in  color 10 

3.  Clay  shale,  dkrk  drab  in  color 4 

2.  Shale,  somewhat  sand; .. ...    5 

1.  Shale,  black,  bituminous  (exposed) 8 

The  relations  between  these  two  exposures  are  seen  in  1 
ure  49,  representing  a  section  across  the  river  at  t>lie  dam. 


Pia.  I».   Gorge 


city  or  Dm  Holaei. 


The  heavy  dip  north  carries  the  coal  down  to  the  water 
level  at  Thompsons  bend.  It  is  here  a  good  workable  seam 
and  has  been  opened  up  from  time  to  time  by  means  of  drifts. 

Towards  the  west  the  strata  rise  a  little  from  Thompsons 
bend  to  Sixth  avenue  where  the  coal  was  formerly  worked  by 
drifting.  In  this  vicinity  at  the  point  known  as  the  Devils 
Gap  is  the  following  exposure. 


4.  Sandstone,  yellow,  massive. 16 

3.  Shales,  variegated 2i 

2.  Shales,  light,  sandy 15 

1.  Hidden  to  river,  wltbtaluaot  coal  and  sandstone 20 

The  sandstone  seen  here  is  probably  number  9  of  the  Raw- 
son  section.  In  the  clay  pits  of  the  Flint  Brick  Co.  and 
at  neignboring  exposures  the  strata  exposed  are  as  follows. 
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FBBT.  INCHES. 

43     Light  colored  clay  shales 10 

12.  Limestone 8 

11.  Green  and  yellow  clay  shale 5 

10     Bituminous  shale    ;.    2 

9.    Purple  and  variegated  shale. -- 4 

8.  Yellow  and  white  sandy  clay ..-    4 

7.  Limestone 8 

6     Light  colored  clays 6 

5  Limestone 10 

4.  Massive  variegated  clays  and  shale 20 

3.  Sandstone 1 

2.  Coal 3 

1.  Shales,  drab _ 5 

Numbers  5  to  6  correspond  to  Nos.  8  to  10  of  the  Capitol  Hill 
section.     The  other  numbers  are  readily  correlated. 

Opposite  Flint  valley  corresponding  beds  are  shown  at  the 
pit  of  the  Iowa  Brick  Co.  and  were  found  in  the  shaft  of  the 
Eagle  Coal  Co.     The  record  of  the  latter  is  given  below. 

■AGLV  COAIi  BHAFI. 

FBBT.  IROHIS. 

27.    Drift.. 14  10 

26.    Redsandstone  8 

25.    Red  shale 3 

24.    Blueshale 11  7 

23     Red  and  variegated  shale 2  4 

22.    Gray  shale 4  8 

21.    Coal 1  4 

20.    Sandy  shale 2  4 

19.     Brown  rock,  hard 8 

18.    Shale,  sandy,  light  colored,  hard 6 

17.    Blueshale 3  8 

16.    Dark  shale 2  6 

16.    Light,  sandy  shale 31  4 

14.    Hardrock 2  8 

13.  Light  shale,  with  hard  bands 2 

12.  Light  shale    3 

11.    Variegated  shale 2  3 

10.    Hardrock _ 6 

9.  Coal,  traces 4 

8.  Black  shale. 11  6 

7.    Coal 9 

6.    Lightshale __ 2  7 

6.     Dark  shale 3 

4     Blackshale 14  5 

3.  Cap  rock 1  5 

2.  Coal 4  7 

1.    Fireclay 6 
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Number  21  is  to  be  correlated  with  number  2  of  the  preceding 
section.  Beyond  the  Eagle  mine  are  the  two  Keystone  shafts 
and  that  of  the  West  Riverside  Coal  Co. ,  all  of  which  reach 
the  same  coal  horizon.  Between  the  West  Riverside  mine 
and  the  mouth  of  Beaver  creek  the  bluffs  show  the  presence 
of  both  sandstone  and  shale,  but  neither  here  nor  on  the 
opposite  side  of  the  river  are  the  exposures  of  such  character 
as  to  warrant  definite  correlation.  Along  Beaver  creek  there 
are  practically  no  exposures  of  the  underlying  rock  as  would 
be  expected  from  the  history  of  that  stream.  The  narrow 
gorge  of  the  Des  Moines  shows  many  exposures  of  shale  and 
thin  beds  of  sandstone  with  a  few  coal  outcrops,  but  the 
strata  have  so  little  to  characterize  them  they  yield  nothing 
to  stratigraphic  study. 

SECTION  FROM  CAPITOL  HILL  TO  WALNUT    CREEK 

The  beds  found  at  Capitol  Hill  may,  by  means  of  the  lime- 
stones present,  be  readily  correlated  with  those  on  the  south 
side  of  the  river.  These  are  quite  well  exposed  at  the  south 
end  of  the  West  Ninth  street  bridge,  where  the  following 
beds  may  be  seen  beneath  the  drift. 

rnx. 

8.  Shales,  light  gray 6 

7.  Limestone i 

6  Brown  sandy  shales 5 

6.  Dark  drab  shales 2 

4.  Light  shale li 

3.  Limestone ^ 1 

2.  Light  colored  shales 10 

1.  Shaly  sandstones _ 6 

The  base  of  this  section  is  the  Chicago  Great  Western  rail- 
way track,  which  is  here  forty  feet  above  the  river.  The 
upper  limestone,  number  7,  is  fifty  feet  below  the  mouth  of  the 
Clifton  mine  on  the  hill.  The  Pioneer  mine  was  located  near 
this  point,  the  ' '  third ' '  vein  being  found  at  a  depth  of  150 
feet.  On  top  of  the  hill,  south  of  the  section  just  described, 
is  the  Clifton  shaft. 
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0L1TTON  BHAIT  BBOORD. 

FKVT.       inch: 

42.  Drift 11 

41.  Soft  sandstone 2 

40.  Clay  shale 9 

39.  Limestone 8 

38.  Clay  shale 8 

37.  Limestone 9 

36.  Clayshale 5 

35.  Black  shale 2 

34.  Coal 10 

33.  Fireclay 2 

32.  Hard  sandstone 3 

31.  Soft  sandstone 3 

30.  Fire  clay 3 

29.  Clayshale 12 

28.  Black  shale 6 

27.  Coal 2 

26.  Fire  clay 6 

25.  Sandstone 9 

24  Fire  clay 6 

23.  Brown  shale 2 

22.  Coal 1             11 

21.  Fireclay 16 

20.  Hard  sandstone 6 

19.  Fireclay 8 

18.  Clay  shale 4 

17.  Coal 6 

16.  Fire  clay 13 

16.  Shale,  black 10 

14.  Limestone 10 

13.  Shale,  black. 3 

12.  Coal,  impure — 3 

11.  Rock 3 

10.  Coal 2              3 

9.  Fire  clay 8 

8.  Sandstone - 2 

7.  Black  shale - —  5 

6.  Sandstone - 3 

5.  Black  shale 5 

4.  Coal •. 1               8 

3.  Fire  clay 4 

2.  Black  shale 10 

1.  Coal 6              6 

The  elevation  of  this  shaft  is  about  890  A.  T.     The  section 

cannot  be  exactly  correlated   with  others  in  the  vicinity 
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though  numbers  37  and  39  may  represent  the  two  limestones 
which,  near  the  bridge,  lie  thirty  feet  lower.  The  coal  of  the 
Pioneer  mine  is  believed  to  have  belonged  to  the  liorizoiis  now 
worked  in  the  Clifton  mine. 

The  beds  seen  at  the  Ninth  street  bridge  are  SLg^in  exposed 
in  the  pit  of  the  Capital  City  brick  works  a  short  distance 
southwest.  The  upper  of  the  two  limestones  does  not  show 
in*  the  pit  but  is  seen  in  the  following  section. 

CAPITOL  OITT  BBIGK  GOMPANT. 

6.  Shale,  ash  g^y 6 

4.  Limestone J- 

3.  Shale,  drab  to  yellowish 6 

2.  Fire  clay,  purplish 4 

1.  Shale,  light  gray 10 

Opposite  this  pit  is  the  section  at  the  foot  of  Terrace  hill, 
which  is  readily  correlated  with  those  already  given. 

THtRACB  HILIi  SKOTION. 

FSST.       itfcmms. 
9.    Shale,  light  colored;  exposed 2  6 

8.  Limestone,   impure,     nodular,    weathering 

brown  and  containing  fossils 8 

7.  Shale,  argillaceous,  white  and  drab 5 

6.  Limestone,  nodular,  like  number  8,  but  con- 

taining fewer  fossils 8 

5.  Shale,  dark  drab  below,  light  colored  above.    4 

4.  Shale,  bituminous,  fissile,  with  coaly  streaks.    2  6 

3.  Coal 3 

2.  Shale,  light  colored,  somewhat  sandy 6 

1.    Sandstone,  somewhat  shaly,  concretionary  in 

places,  exi)08ed  above  track  level 6 

Still  farther  west  in  the  pit  of  the  Des  Moines  Brick  Manu- 
facturing Co.  the  same  beds  may  be  seen. 

SECTIOBT  AT  DBS  MOIRU  BBICK   WORKS. 

FCBT.  INCBSS. 

10.    Shale,  variegated,  with  weathered  band  of 

limestone — - 7 

9.  Shale,  dark  gray - 2 

8.  Shale,  light  gray 3  6 

7.  Shale,  impure,  sandy 3 

6.  Limestone -- —  7 


KOSE  HILL  MINE. 


5.  Sbale,  dark  gray,  clayey 4              6 

i.  LimeBtone 6 

3.  Shale,  darlrand  ligpht  grny IS 

2.  Saodstone,  shaly „. 2 

1.  Shale,  hard,  Bili(^eou9 8 

The  coal  seen  at  the  Terrace  Hill  section  appears  again  at 
the  usual  horizon  on  the  south  side  of  the  river  near  the  old 
Rose  Hill  mine. 


S3  „      12.    Drift.. 


11.    C1bj[  shales,  red  aod  drab,  va- 
riegated   6 

10.    LimeBtone,  earthy,  nodular...  i 

9.    Sbalee,  variegated 6 

5.  Limestone,  impure,  nodular  ..  i 
7.    Clay,  yellow  and  dr»b,  varie- 
gated   4 

6.  Clay  shale,  dark  drab,  some- 
what bltuminoua 2 

5.     IroBBtone,  black,  nodular 1 

4.    Coal, impure 3 


Clay  ahale,  hard,  drab,  some- 
what aandy  in  places  ......  : 


2.    Limestone,  nodular 1 

1.    Clay  shale,  blue  feiposed  to 

track  level) 6 

Bose  HIllmlDB.    Four  miles  west  of  Dcs  Uolnei. 


Below  the  base  of  this  section,  at  a  depth  of  seventy  feet, 
the  Rose  Hill  Coal  Co.  formerly  mined  a  seam  two  to  four 
feet  in  thickness.  Near  the  mouth  of  Walnut  creek  (Tp.  78 
N.,  R.  XXV  W.,  Sec.  11,  Ne.  qr.,  Se.  i)  beds  corresponding  to 
the  last  exposure  may  be  made  out. 


13. 


Red  clay 8 

White  sandy  clay 3 
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9.  Limestone •. i 

8.  Dark  drab  clay  shale 3 

7.  Clay-ironstone.  w-. i 

6.  Coal. 2 

5.  Fireclay    1 

4.  Variegated  clay  shale 5 

3.  Limestone i 

2.  Sandstone 8 

1.  Clay,  light  colored 1 

This  section  fails  to  show  the  upper  of  the  two  limestones 
exposed  in  the  other  sections.  Its  close  resemblance,  how- 
ever, to  the  last  preceding  section  leaves  little  doubt  as  to 
the  correctness  of  the  correlation  of  the  outcrop. 

Beyond  Walnut  creek  the  sections  are  not  sufficiently 
numerous  to  warrant  definite  correlation  of  the  outcrops. 

DETAILED  STRATIGRAPHY. 

In  discussing  the  stratigraphy  of  the  coal  measures  of  the 
county  it  will  be  convenient  to  consider  individual  districts 
separately.  The  divisions  are  of  course  quite  arbitrary  as  the 
strata  of  each  region  are  represented  in  the  adjoining  areas. 
Between  the  districts,  however,  it  is  not  possible  in  all  cases 
to  make  correlations  with  any  degree  of  certainty.  In  some 
cases  the  same  uncertainty  obtains  as  to  the  correlations 
within  the  districts.  The  results  obtained,  however,  are  not 
thought  to  be  valueless.  They  may  be  considered  in  each 
case  as  the  expression  of  the  greatest  probabilities  as  shown 
by  evidence  now  in  hand.  Later  prospecting  and  further 
mining  development  will  test  them  and  make  more  definite 
stratigraphic  correlation  possible.  Until  the  details  are 
much  better  known,  and  this  knowledge  can  only  come  as  the 
results  of  work  with  the  drill,  general  conclusions  only  are 
possible,  and  the  correlations  here  made  must  be  considered 
as  working  hypotheses  only  to  be  constantly  checked  and 
amended. 

The  term  coal  horizon  is  used  here  in  the  sense  proposed  by 
Keyes.*    It  does  not  mean  a  coal  bed,  but  rather  a  strati- 

*Jour.  Geol.,  rol.  If,  pp.  178-186.    Ohicago,  1894.    Iowa  Geol.  Burv.,  II,  168.    Des  Molnei,  18M. 


RUNNELLS  SECTION. 


311 


graphic  horizon  along  which  coal  may  be  generally  expected 
to  occur.  Coal  is  not  found  at  all  points  along  a  coal  horizon; 
nor  is  it  found  in  equal  thickness.  The  horizon  does  not  main- 
tain a  constant  level,  entirely  aside  from  any  folding,  or  recent 
deformation.  The  coal  may  vary  greatly  as  to  thickness  and 
position,  and  yet  the  general  hoi'izon  is  a  marked  stratigraphic 
feature,  and  is  often  constant  for  a  considerable  area,  as  will 
be  seen  in  the  following  pages. 

RDNMELL9-CAKBONDALE  DISTRICT. 

The  exposures  along  the  Des  Moines  and  its  side  ravines, 
taken  together  with  the  results  of  mining  and  prospecting, 
give  quite  full  data  throughout  the  district.  About  a  mile 
east  of  Runnells  a  cutting  along  the  Wabash  railroad  shows  a 
coal  seam  as  indicated  below. 


^^    6      6.    Drift 4 


6.     Saadetoue,  butT,heavil;  bedded...  16 


4.    Coal  impure.. 


2.    Shale,  bi turn laouB  

1.    Shale,  light  colored,  espo«ed  . . 


Fio.Sl.    luilroBdcaitlaineareattcoaDtr  llDo.  below  BannslU. 


At  Runnells  the  same  coal  seam  outcrops  and  has  been 
worked  by  slopes  along  the  face  of  the  bluff.  More  recently 
new  mines  have  been  opened  back  from  the  river,  the  coal 
being  reached  at  a  depth  of  forty  feet.  The  coal  has  an 
average  thickness  of  about  three  and  a  half  to  four  feet.  The 
related  strata  are  better  exposed  across  the  river  at  Ford, 
where  the  bed  has  also  been  opened  up  by  drifts.  The  Howell 
Coal  Co.  in  working  here  found  that  the  seam  thinned  down  to 
six  inches  at  one  point,  though  elsewhere  it  was  of  normal 
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thickness.  At  a  point  near  by  a  section  measured  bj'  Dr. 
Keyes*  showed  the  horizon  occupied  by  highly  bituminous 
shale.     His  section  is  as  follows: 


9.     Drift  and  loess 10 

8.     Light  yellow  sandstone,  soft,  heavily  bedded  above, 

thinly  bedded  below,  with  much  clay 35 

7.    Dark  shale,  highly  bituminous  in  places,  with  hard 

concretionary  layers 2 

6.     Fire  clay  with  sigillarid  roots i 

5.    Drab  shales,  somewhat  sandy  above 12 

4.    White  clay  .- _.  3 

3.     Soft  sandstone,  buff,  heavily  bedded 4 

2.     White  clay 4 

I.    Sandy  and  clayey  shales,  exposed  to  water  level 25 

The  sandstone  of  this  section,  number  8,  is  well  exposed 
along  the  river  for  some  distance,  and  has  been  called  in  the 
survey  reports  the  Ford  sandstone.    It  is  not  so  well  marked 
north  of  the  river,  though  the  corresponding  horizon  shows 
sandy  shales  with  interbedded  sandstone  layers.     Xear  Avon, 
where  the  Chicago,  Rock  Island  &  Pacific  railway  cuts  off 
the  nose  of  the  bluffs  north  of  North  river,  sandy  shales,  pre- 
sumably of  the  same  horizon,  are  exposed  above  the  railway 
track.     Below  the  sandstone  the  following  section  is  shown 
by  mining  operations. 


5.  Clay  shales 5 

4.  Coal,  soft 1 

3.  Sandstone,  hard 1 

2.  Shale,  black 1 

1.  Coal -  3 

Near  here  a  boring  was  put  down  and  no  coal  was  found 
within  forty  feet  of  the  horizon  now  worked.  The  elevation 
of  the  coal  is  about  800  A.  T.  It  maintains  the  same  eleva- 
tion for  a  quarter  of  a  mile,  being  reached  by  numerous  drifts, 
in  one  of  which  the  following  section  was  measured. 


6.  Shale,  clayey,  drab 2 

5.  Coal 1  8 

4.  Clay 1  6 

3.  Coal 1  3 

2.  Fireclay — 2  6 

1.  Sandstone,  in  be<i5  3  to  8  inches  thick 2  6 


•Keyts:   Iowa  G«>L  Surr^  1. 97,    Des  Moines.  IsWL 
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The  coal  is  about  on  a  level  with  the  railway  track.     Toward 

the  north  the  coal  and  sandstone  rise  till  the  latter  is  exposed 

to  a  thickness  of  ten  feet,  and  underlying  shales  are  seen. 

The  dip  on  the  north  side  of  the  anticline  is  slightly  to  the 

north,  but  mainly  to  the  west,  and  is  so  pronounced  as  to 

carry  the  coal  down  to  the  old  level,  within  400  feet,  where 

it   has  again  been  opened  by  drifting.      The  loess  covers 

everything  more  or  less,  so  that  the  relations  are  not  well 

shown,  but  the  sections  in  the  drift  mines  and  the  pronounced 

dip  to  the  west  make  them  evident.     Still  farther  north  the 

coal  maintains  its  usual  level,  as  is  shown  by  a  series  of 

abandoned  drift  mines.     At  the  Manbeck  mine,  still  farther 

north,  the  division  in  the  coal  seam  becomes  more  pronounced. 

The  general  section  at  the  mine  is  as  follows. 


12.  Shale,  light  colored  aboye,  bitumi- 
nous below 6 

11.  Coal 1 

10.  Clay,  drab,  carbonaceous,  **olod"--  1 

9.  Coal , 3 

8.  Fire  clay,  light  colored I 

7.  Sandstone,  massive,  yellow 2 

6.  Coal 1 


INCH  IS. 


5.    Fire  clay  and  gray  shale,    "soap- 
stone"  12 


4.    Shale,  bituminous,  hard  and  com- 
pact      3 

3.    Ironstone,  irregular,  nodular 1  8 

2     Coal 3  4 

1.     Fire  clay 3 

Fio.  52.    Part  of  shaft  cf  Manbrck  mine.    North  of  Avon. 


'M4  r;KorxK;Y  op  polk  county. 

N  titri b<9rH  9  and  11  neem  to  represent  the  Ford  coal  horizr^n. 
Niuiibnr  (i  not  improbably  also  belongs  with  them- 

JiiMt  north  of  tho  mine  the  railway  makes  a  cut  along  th»: 
fuco  of  tho  hill.     Here  Keyes  has  measured  the  followini^ 


HiM'tlon. 


10. 


Drift 6 

Drab  and  brown  clay,  white  in  places,  sandy 

alK)vo 6 

8,     (\mU 

7.    Sandstono,  thin  l>edded 4 

Clay,  whltis  sandy 3 

Sandstono,  heavy  bedded... 5 

Sandy  shale 1 


8 


e. 
ft, 

4. 


it    iVal 1 


€ 
4 


Drab  olay,  exposed 1 

rnox|»osoit  to  water  ,.—••• 55 

N  um  Wr  3  ot  this  may  best  be  taken  as  representing' 
U  v^f  tho  piViViUnjr  stH^tion, 

Act\>8s  tho  rivt^r  fi\>m  the  Manbeek  mine,  at  the 
tlu^  Nowuuiu  Bix^tht^rs  briok  plant,  is  a  seam  of  coal 
t  Uo  5ii^mo  hvnn^on  and  tvpivsented  in  figure  53L 
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The  coal  of  this  horizon  was  f  ormeriy  worked  by  the  Wood- 
la^wn  Coal  Co. ,  by  means  of  a  drift.     A  higher  seam  with  a 
tliiekness  of  twenty-eight  inches  is  known  to  outcrop  about 
thirty-five  feet  above  its  level.     The  mine  of  the  Iowa  Coal  & 
Mining  Co.,  located  at  the  same  place,  shows  a  lower  seam 
three  to  three    and  a  half  feet  thick,   lying  about  thirty- 
five  feet  below  the  Ford  coal  horizon.     Still  lower  by  an 
interval  of  twenty-five  feet,  a  seam  three  feet  eight  inches 
thick  occurs,  and  fifty-four  feet  below  this  a  fifth  horizon  is 
marked  by  three  inches  of  coal.     At  Hastie  coal  which  would 
seem  to  represent  this  lower  horizon  four  feet  thick  was  form- 
erly worked  at  a  depth  of  100  feet.    The  coal  worked  in  the  Car- 
bondale  mine  seems  to  belong  to  the  same  horizon.     A  boring 
just  put  down  near  their  new  mine,  number  2,  showed  the  fol- 
lowing strata. 

7  BIT.  INGBB8. 

21.  Soil 2 

20.  Marly  clay 17 

19.  Sand  and  clay 3 

J8.  Gray  shale ^ 39  5 

17.  Sand  rock  and  shale 3  9 

16.  Limestone,  white,  brittle 1  10 

15  Shale,  light  blue 1  6 

14.  Shale,  sandy - 8  4 

13.  Shale,  light  blue •- 1  4 

12.  Sandstone 1  6 

11.  Shale,  gray 2 

10.  Sandstone 3  4 

9.  Sandy  shale. 12  9 

8.  Gray  shale 5  5 

7.  Coal  and  blackjack 1  2 

6.  Fire  clay.... 1  8 

5.  Gray  shale- 1  1 

4.  Rock,  hard,  gray .-  7 

3.  Rock,  hard,  blue 3  8 

2.  Shale,  black 3 

1.  Coal 4  4 

This  record  was  proved  when  the  shaft  was  sunk.  In  sec- 
tion 10  (Tp.  78  N.,  R.  XXIII,  W.)  a  boring  showed  a  slight  dif- 
ference.    The  record  is  as  follows. 
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34.  Soil   4 

33.  Yellow  clay 15 

32.  Sand  and  clay 23 

31.  Blue  clay    — 4 

30.  Gray  8oap6tone 5 

29.  Blue  clay      39 

28.  Black  shale    3 

27.  Sandstone — 2 

26.  Gray  shale 6 

26.  Black  slate 1  6 

24.  Coal 8 

23.  Fire  c^ay    3 

22  Gray  soapstone 4 

21.  Black  shale 22 

20.  Coal 4 

19.  Pyrites 6 

18  Fire  clay.  3 

17.  Soft  sandstone 1 

16.  Shale,  clayey,  white 6 

15  Sandstone — - 1  6 

14.  Shale,  clayey,  brown 2  6 

13.  Shale,  black 10  6 

12.  Sandstone 1  6 

11.  Shale,  clayey,  white 1 

10.  Sandstone,  gray,  hard 3  7 

9.  Pyrites 1 

8.  Shale»  gray 19 

7.  Sandstone,  hard* 6 

6  Shale,  gray 13 

5.  liook,  hard « 1  6 

4,  8hale»  black 2  6 

3,  Pyriu»«     3 

:i,  ShaU\  black 2 

I.  U^l 4  9k 

NuiuIhm*  I  in  oaoh  i^eooixl  seems  to  represent  the  same  hori- 
/.on.  Nunilvr  7  of  the  fii'st  apj^arently  is  not  represented  in 
tho  stHH>ntl,  while  numl>ei's  2l>  and  24  of  the  latter  are  not  rep- 
ivsontod  at  thos!\aft.  In  the  s;mie  se^^tionwith  the  last  gives 
K^riuiT  a  soam  twontv-oiirht  to  thirtv-two  inches  thick  eror^ 
or.t  alor.iT  a  ravir.o.  It  not  improbably  represents  number 
24  of  tho  KM^ir.iT*  A  lx>ri:.ir  mavie  in  section  V*  Xw.  of  Xe. 
>.:.vnv^  !:\  o  fivt  of  vwr.  at  s:xt v  fe^^t.     As  th^s  boriiis"  was  s 
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on  the  upland,  the  coal  probably  belongs  to  the  horizon  of 
number  24. 

The  thin  seam  outcropping  along  the  ravine  would  seem  to 
belong  with  the  Ford  coal  horizon.  The  thicker  vein  found 
below  number  20  of  the  last  record,  not  unlikely  represents 
the  lower  coal  mined  at  the  Manbeck  mine,  or  the  Manbeck 
horizon.  This  horizon  does  not  seem  to  be  generally  repre- 
sented and  is  apparently  of  local  importance  only. 

Not  far  from  this  point  the  Crescent  Coal  Co.  of  What 
Cheer,  Iowa,  did  some  prospecting  in  1893.  One  of  the  bore 
holes  was  carried  down  to  the  Saint  Louis,  and  through  the 
courtesy  of  Mr.  S.  W.  White,  vice-president  and  general 
manager  of  the  company,  the  record  is  given  below.  It  is  of 
interest  in  that  it  was  put  down  by  experienced  men  with  a 
diamond  drill,  and  hence  is  particularly  reliable.  The  coal 
seams  found  agree  well  in  position  with  those  known  in  the 
surrounding  mines,  number  17  probably  representing  the 
Hastie  horizon.  The  nearness  of  the  Saint  Louis  to  the  sur- 
face and  the  absence  of  lower  coal  seams  is  disappointing. 
The  presence  of  black  slate,  number  11,  twenty  feet  below 
the  coal  worked,  may  be  considered  as  hopeful. 

7BBT.  INOHKS. 

31.     Surface  material 10 

30.     Sand  and  gravel 26 

29.    Blue  clay. 6 

28.    Slate 12  8 

27     Coal    1  4 

26.    Fire  clay 3 

25.     Slate     3 

23.    Fire  clay 4 

22.    Sandstone   22 

20.    Fire  clay,  mixed  with  coal 1 

19.    Sandy  fire  clay 4 

18     Soapstone 4 

17.    Coal  and  fire  clay 1 

16.     Fire  clay 2 

16.    Slate 2  6 

14,     Sandstone 8  6 

13.    Slate  3 

12.    Sandstone 2 
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FIST.         INCHB8. 

11.  Black  slate 2 

10.  Fire  clay,  with  soft  sandstone 6 

9.  Sandstone 16 

8.  Blue  hard  rock 4  6 

7.  Sandstone 6  6 

6.  Slate 6  6 

6.  Blue  rock 1  3 

4.  Soft  slate 5  3 

3.  Hard  blue  rock 1 

2.  Soft  slate 17 

1.  Limestone - 3  6 

The  horizon  found  here,  number  17,  with  that  worked  in 
the  Carbondale  mine,  is  probably  the  one  worked  in  the 
Christy  and  Gibson  mines  on  Four  Mile  creek.  Near  the 
Gibson  number  2,  a  bore  hole  showed  the  following  strata. 


13.  Son 2 

12.  Red  sand 12 

11.  Blue  clay 32 

10.  Soft  clay  and  sand 10 

9.  Shale,  black 32 

8.  Coal 3f 

7.  Fire  clay 4 

6.  Sandstone,  soft * 5 

5.  Shale,  black -— 15 

4.  Cap  rock 1 

3.  Coal 4i 

2.  Fire  clay 2i 

1.  Sandstone - 7 

The  upper  coal  here,  number  8,  is  not  shown  in  several 
other  borings  and  does  not  seem  to  be  particularly  persistent. 
In  general  position  it  corresponds  to  the  first  seam  below 
that  now  worked  by  the  Iowa  Coal  &  Mining  Co.,  but  nothing 
more  than  this  can  be  safely  asserted.  The  lower  seam,  num- 
ber 3,  has  been  located  over  a  considerable  territory  by  the 
Gibson  and  Christy  mining  companies.  But  little  doubt  of 
its  equivalence  with  the  seam  mined  at  Carbondale  and  form- 
erly mined  at  Hastie,  need  be  entertained.  Since  it  was  first 
mined  at  Hastie  it  may  conveniently  be  referred  to  as  the 
Hastie  horizon.  The  .Runnells,  Ford,  Avon  and  Woodlawn 
drifts  took  coal  from  the  Ford  horizon.  The  Manbeck  hori- 
zon is  probably  represented  over  the  Carbondale  lands  and 
possibly  includes  the  Morgan  Valley  coal.     The  coal  lying 
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thirty  feet  below  that  now  worked  at  Morgan  Valley  can  not 
be  correlated,  unless  it  be  with  the  seam  lying  twenty-five  to 
thirty  feet  above  the  Hastie  horizon  at  the  Gibson  mine. 
This  correlation  is,  however,  doubtful. 

In  general  the  Ford  and  Hastie  horizons  are  workable 
throughout  the  regions.  At  the  Manbeck  mine  the  Ford  coal 
is  not  now  worked  because  of  the  clay  slips  present,  and  for 
the  same  reason  the  Woodlawn  company  found  it  an  expensive 
vein  to  work.  The  Hastie  horizon  seems  to  show  less  coal  to 
the  southeast,  but  is  fairly  reliable  throughout  most  of  the 
district. 


r  DES  MOINES  DISTRICT. 


Mines  were  early  established  along  the  south  and  east  fronts 
of  Capitol  Hill  and  the  region  has  been  very  thoroughly  pros- 
pected. The  record  of  the  strata  at  the  Giant  mine  is  typical 
for  the  district  and  has  been  recently  verified  by  the  sinking 
of  the  new  Eureka  shaft,  where  the  first  vein,  4i  feet  thick, 
was  found  at  54  feet;  the  second,  3i  feet,  at  71  feet;  and  the 
third,  4  to  5i,  at  107  feet. 


n.    Drift 

10.    Shale,    black     and     bitumiaoue 

below,  light  colored  above 16 

9.    Coal 4 

8.  Pire  clay 2 

7.  Shale,  light  colored 12 

6.  Shale,  bitumiaoua 5 

5.  Ooal i 

4:    Fire  clay 4 

3.    Shale,  light  colored  above,  bitum- 

inouB  below 30 

2.    Coal 6 

1.    Fireclay 1 

Via.  ^^.    Sbstt  of  Glaat  No.  I.   Esft  Des  UoIdm. 
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The  three  veins  found  here  were  worked  by  several  mines. 
The  coal  of  the  lower  vein  was  found  to  thicken  and  dip  to 
the  east.  In  mining  in  that  direction  the  entries  were  driven 
into  a  region  where  the  thin  roof  broke  through  and  flooded 
the  works. 

The  Giant  shaft  was  sunk  on  the  west  side  of  thfe  old  Des 
Moines  valley  previously  noted.  Along  its  eastern  side  a 
series  of  mines,  the  Maple  Grove,  Union,  and  Western,  have 
more  recently  been  opened.  These  are  on  higher  ground,  so 
that  it  seems  most  probable  that  they  do  not  mine  the  "third" 
vein,  if  indeed  they  get  down  to  the  "second"  vein.  Any 
correlation,  however,  across  this  valley  is  quite  open  to  ques- 
tion. In  a  general  way  the  Gibson  number  1,  which  corre- 
lates well  with  the  mines  of  the  Carbondale-Runnells  district 
may  stand  as  a  connecting  link  between  the  two  districts.  In 
this  case  the  third  vein  at  the  Giant  shaft  would  probably 
represent  the  Hastie  horizon. 

At  the  south  foot  of  Capitol  Hill  the  old  Watson  mine  for- 
merly took  coal  from,  a  depth  of  forty  feet  below  the  railway 
track.  If  this  Watson  coal  represents  the  first  vein  of  the 
Giant  shaft,  as  will  be  seen  to  be  quite  probable,  and  if,  fur- 
thermore, the  coal  at  the  foot  of  Capitol  Hill  be  the  same  as  that 
now  exposed  at  a  corresponding  level  near  the  old  Pennsylva- 
nia shaft  on  the  south  side,  then  the  first  vein  on  the  east 
side  would  represent  the  horizon  of  the  second  of  South  Des 
Moines.  The  three  veins  of  East  Des  Moines  are  believed  to 
be  represented  in  the  three  horizons  mined  in  North  Des 
Moines. 

BERWICK  DISTRICT. 

In  the  vicinit}"  of  Berwick  there  are  no  mines,  and  but  little 
prospecting  has  been  done.  A  well  put  down  for  Mr.  H.  H. 
Taylor  was  carried  down  to  a  depth  of  307  feet.  The  well 
started  in  the  valley  of  Four  Mile  creek,  perhaps  ten  feet 
above  the  railway,  which  would  give  an  altitude  of  about  860 
feet.  The  drift  was  about  ninety  to  100  feet  thick  and  a  three- 
foot  vein  of  coal  was  struck  at  about  200  feet.     In  a  second 
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"well  put  down  upon  Mr.  Taylor's  land  a  thickness  of  seventy- 
two  feet  of  drift  was  penetrated,  below  which  were  100  feet 
of  alternating  sandstone  and  shales.  In  the  Clendenin  well 
near  Berwick  (Tp.  79  N.,  R.  XXIII W.,  See.  17,  Nw.  qr.,  Sw.  i), 
situated  well  up  on  the  upland,  with  an  altitude  of  about  900 
feet,  coal  four  feet  thick  was  encountered  at  270  feet.  The  coal 
struck  in  these  two  mines  would  seem  to  lie  lower  than 
that  worked  upon  the  west  side  of  Four  Mile  Ridge  in  the 
Union  and  Western  mines.  It  not  improbably  represents  one 
of  the  horizons  worked  in  East  Des  Moines,  but  it  is  impossi- 
ble at  present  to  say  which  one. 

altoona-mitchellvilijE  district. 
A  mine  was  formerly  operated  at  Altoona,  being  located  just 
west  of  the  station  on  the  Chicago,  Rock  Island  &  Pacific 
railway.     A  section  as  shown  by  the  shaft  is  figured  below. 


7.    Drift  and  Carboniferous  clay  . 


e.    Shale 60 

5.    Sandstone 16 

4.    Coal     li 

3.    Shale 16 

2.    Coa!     4 

1.    Fireclay 1 

FiQ  sa    Shaft  of  mioe  at  AUoodo. 

The  coal  bed  showed  the  usual  undulations  and  had  a  gen- 
eral dip  to  the  south.  Both  east  and  west  of  the  shaft  the 
coal  became  thinner,  but  it  thickened  in  the  direction  of  the 
dip.     The  mine  was  closed  because  of  the  water  which  came 
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into  it.  Near  Mitchellville,  and  just  outside  the  county,  coal 
was  formerly  mined  at  the  Cook  shaft  at  a  depth  of  ninety 
feet.     The  section  shown  by  the  shaft  was  as  follows: 


8.  Drift _-  27 

7.  Black  shale 3 

6.  Coal --  1 

5.  Shale,  g^ray  and  black .... 40 

4.  Coal •  f 

3.  Shale,  black  and  gray 15 

2.  Coal 4-  6 

1.  Fireclay JL _. 

Three  miles  north  of  Mitchellville  a  test  hole  sho\ired  the 
following  strata.* 


n.  Drift 64 

16.  Yellow  sandstone 4 

16.  Blue  shale —  11 

14  Black  shale - 2 

13.  Limestone 6 

12.  Coal,  impure 2 

11.  Gray  clay  shale 8 

10.  Black  shale .-  66 

9  Blue  clay  shale - 21 

8.  Sandstone  with  pyrites - 3 

7.  Gray  clay  shales 6 

6.  Sandy  shales - 4 

6,  Gray  shales 12 

4  Sandstone  with  pyrites -. 16  3 

3.  Gray  clay  shales 6  4 

2.  Calcareous  laminated  rock ...23  6 

1.  Limestone  with  marly  partings 16 

Numbers  1  and  2  of  this  section  may  be  referred  to  the  Saint 
Louis.  It  is  quite  impossible  to  correlate  the  strata  at 
Altoona  and  Mitchellville  with  those  occurring  elsewhere  in 
thQ  county.  On  all  sides  between  those  points  and  the  nearest 
productive  mines  is  unprospected  territory. 

SAYLORVILLE    DISTfilCT. 

i>n  the  north  side  of  the  old  valley  previously  mentioned^ 
coal  has  been  encountered  at  a  few  points.     The  only  mine  at 

•  8«v»nd  Blen.  U^'pt.  State  Mine  Inspector,  p.  115.    Des  Moines,  1886. 
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present  being  operated  is  that  of  the  Des  Moines  Coal  Co. 
This  shaft  is  166  feet  above  the  water  level  or  942  A.  T.  Three 
coal  horizons  were  penetrated  as  is  shown  by  the  following 
record. 


24.  Drift 49 

23.  Soft  sandstone 6 

22.  Black  shale 12 

21.  Fire  clay 12 

20.  Rock 1 

19.  Fire  clay 3 

18.  Black  shale 5 

17.  Fire  clay 4 

16.  Sandstone — 3 

15.  Fire  clay  and  sandstone 22 

14.  Hard  rock 1 

13.  Fire  clay 6 

12.  Shale,  gray - 4 

11.  Coal 2i 

10.  Fire  clay 2 

9.  Black  slate 2 

8.  Hard  rock 1 

7.  Black  slate,  with  some  coal 4 

•  t*.  Fireclay 2 

5.  Hard  rock 3 

4.  Gray  shale ^---  31 

3.  Coal 4i 

2.  Fire  clay H 

1.  Sandstone 3 

The  lowest  seam  here  seems  to  be  best  correlated  with  the 
first  seam  worked  in  the  mines  in  East  Des  Moines.  It  has 
only  been  opened  up  by  the  one  mine  near  Saylorville,  though 
the  upper  seam  was  formerly  worked  out  under  the  Poor 
Farm. 

POLK  CITY  DISTRICT. 

At  Polk  City  the  White  Ash  Fuel  Co.  operate  a  mine,  taking 
coal  from  a  depth  of  of  238  feet.  The  seam  is  split  into  two 
benches  by  an  eight  inch  layer  of  black  shale.  The  upper 
bench  measures  two  and  one-half  feet,  while  the  lower  is  one 
foot  thick.  The  altitude  of  the  mine  is  about  that  of  the  Say- 
lorville shaft.  There  is  no  good  record  of  the  strata  at  this 
shaft,  and  no  satisfactory  correlations  are  now  possible. 
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Farther  north  no  coal  is  mined  along  the  Des  Moines  within 
the  limits  of  Polk  county.  A  short  distance  beyond  High 
Bridge  (Tp.  89  X.,  R.  XVI  W.,  Sec.  14,  Nw.  qr.)  tliere  is  a 
small  country  mine.  Five  seams  of  coal  are  claimed  at  this 
place.  The  first  is  shown  in  the  bed  of  a  stream  near  the 
mine  and  is  fourteen  inches  thick.  It  was  encountered  in  the 
shaft  at  a  depth  of  sixteen  feet.  At  forty  feet  a  twenty  inch 
vein  was  encountered,  and  at  eighty-seven  feet  is  the  twenty- 
eight  inch  vein  now  worked.  Borings  are  said  to  have  shown 
a  twenty-four  inch  bed,  twenty-one  feet  still  lower  down,  and 
four  feet  of  coal  at  a  depth  of  171  feet.  The  property  has 
not  been  developed  and  the  extent  of  the  beds  is  unknown. 

COMMERCE  DISTRICT. 

The  coal  measures  are  exposed  in  the  north  river  bank  at 
at  this  place  as  is  shown  by  the  following  section. 

FBET. 

6.  Drift 25 

6.  Clay  shales,  passing  into  sandy  shales 20 

4.  Buff  sandstone,  soft,  thinly  bedded 15 

3.  Variegated  clays 10 

2.  Blue  limestone,  in  three  layers,  separated  by  part- 
ings of  marl.   2i 

1 .  White  shales  (exposed  to  water  level) 1 

The  three  limestone  bands  are  thought  by  Dr.  Keyes  to  be 
the  three  which  are  seen  in  the  hills  at  Des  Moines.  It  is, 
however,  impossible  actually  to  trace  the  connection,,  though 
the  correlation  has  every  element  of  probability.  The  buff 
sandstone,  number  4,  is  about  on  a  level  with  the  railway 
track.  The  mouth  of  the  Merchant  mine  is  not  far  from  the 
same  level,  so  that  the  coal  now  worked  lies  at  about  750  A.T. 

NORTH  DES  MOINES  DISTRICT. 

The  thin  seam  of  coal,  number  2  of  the  Flint  Valley  section, 
which  crops  out  along  the  river,  was  formerly  worked  at 
several  points  by  drifting.  More  recently  the  Bloomfield, 
Flint,  Lake  Front,  Oak  Park,  Eagle,  Keystone  1  and  2,  and 
the  West  Riverside  mines  have  been  sunk  to  a  lower  horizon 
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number  2  of  the  Eagle  shaft  section.  These  two  horizons 
seem  to  be  persistent  throughout  the  district  while  certain 
intermediate  ones  are  not  so  well  marked.  The  upper  coal  is 
seen  by  the  section  from  Capitol  Hill  to  Beaver  creek  to  be 
the  same  as  that  exposed  at  the  dam  and  at  the  foot  of  the 
hill.  The  lower  horizon  would  accordingly  represent  the 
third  worked  in  East  Des  Moines. 

The  limits  of  the  two  horizons  are  not  as  yet  worked  out, 
and  it  is  to  be  expected  that  considerable  additional  territory 
will  be  found  to  be  underlain  by  workable  coal. . 

SOUTH  DES  MOINES  DISTRICT. 

On  the  south  side  of  the  river  at  Des  Moines,  there  are 
three  horizons  along  which  coal  has  quite  generally  been 
found.  The  first  lies  but  little  above  the  river,  and  has  been 
at  some  points  opened  by  drifting.  The  second  is  found  about 
sixty  to  eighty  feet  below  the  bottom  lands,  and  the  third 
from  120  to  150  feet  below  the  same  datum.  These  three  are 
not,  however,  the  only  horizons  present,  as  may  be  seen  by  a 
study  of  the  Clifton  section  already  given.  They  do  not 
always  occupy  the  same  level,  as  is  evident  if  one  compares 
the  Clifton  record  with  the  following  boring  made  near  the 
old  Bloomfield  mine  and  starting  fifty  feet  below  the  Clifton. 

FEST.  1KCHE8. 

55.  Drift 15 

54.  Clay  shale 10 

63  Shale,  light  colored 3  8 

52.  Sand  and  clay  shale 3  2 

51.  Light  gray  clay  sh tie , 3  2 

50.  Soft  sandstone 2  2 

49.  Light  colored  clay  shale 3  10 

48.  Sandstone 10 

47.  Light  clay  shale 4  2 

46.  Gray  shale,  hard 4  9 

45.  Soft  sandstone 6  5 

44.  Clay  shale 3  8 

42.  Sandstone 9  10 

41.  Clay  shale,  hard 6 

40.  Potters  clay  and  sand..... 8  4 

39.  Sandstone,  hard 3  2 
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HH.  Cliiy  nhiiln,  llifht 6 

JI7.  ( 'lay  Hhalo,  dark  gray 2 

im.  Coal    6 

JIft.  t)ark  olay  with  ooal 1 

iU.  KlivoUy  •- 3 

na,  Hamlntom* 2 

»Mi5.  <Jniy  oUy  whalo 2 

»L  i\ml       

JH^.  Kliv  oli^f • 

fiUs  ^HiuUumo « 5 

^"^  \\tM^\  *^\x\*\KM\i>  with  pjrit^as 

^  UtwiWH^  imi)  4th»l^ • 1 

;Kv>  84N(^^Uum^ ••* 4 

»4  \X>f        5 

^^  ^ihI»u>m^ 1 

4^^  I  \^^l  o^;)^     ..^*^^^^*^*^^ 5 

;?t  i\wr^twN^*iioiH3r*ivfck^ 1 

^  )  ;^>,i  Vm^  v'Z^  $^^1^ 2 

\N  ^\.%?V:  "'«J'>1  A*v\|i  ;?^iJU«*^  :• 2 

*,"  Sj^Tv-Kiv^bN^  . .    ,    .  .  4 

xK  :\%  V.  /vA.'S^  >rv*T  ^*»4*j  O^^t^     ^- i 
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instead,  number  13  stands  as  the  representative  of  number  4 
of  the  Clifton  record,  a  vein  not  taken  into  account  in  current 
nomenclature.  The  lower  vein  has  been  shown  by  mining 
operations  to  be  continuous  in  many  of  the  south  side  mines 
and  may  well  be  taken  as  a  datum  plane.  Upon  this  basis  the 
three  major  veins  fall  into  order  fairly  well  when  proper 
allowance  is  made  for  the  rolling  which  is  characteristic  of  all 
of  them.  There  is  some  doubt,  however,  as  to  the  correlation 
of  these  horizons  with  those  worked  elsewhere  in  the  city. 
Opposite  Capitol  Hill,  at  the  south  end  of  the  Chicago,  Rock 
Island  &  Pacific  railway,  the  following  section  is  exposed. 

FEET. 

13.  LightBhale 6 

12.  Limestone i 

11.  Light  and  dark  shales 8 

10.  Thin  bedded  sandstone 16 

9.  Talus    6-  10 

8.  Coal 2i 

7.  Fireclay li 

6.  Variegated  clay  shales 3 

5.  Light  sandy  clay  shale 10 

4.  Thin  bedded  sandstone 3 

3.  Drabclay 1 

2.  Clay-ironstone.-^ 1 

I.  Bituminous  sandy  shale 2 

The  coal  (number  8),  sandstone  (number  10)  and  limestone  ' 
(number  12)  all  find  their  counterparts  in  the  Capitol  Hill  sec- 
tion in  sight  from  this  exposure,  and  there  accordingly  seems 
little  doubt  that  the  coal  here,  which  is  the  "upper"  seam 
of  the  South  Des  Moines  district,  is  number  4  of  th*e  Capitol 
Hill  section.  This  would,  as  has  been  seen,  make  the  second 
vein  on  the  south  side  the  first  on  the  east  side.  It  is  prob- 
able, though  not  certain,  that  the  third  is  the  same  on  both 
sides  of  the  river.  The  second  as  found  on  the  east  side 
may  be  unrepresented  in  South  Des  Moines,  or  may  be  equiva- 
lent to  the  coal  already  mentioned  as  occurring  in  the  Clifton 
and  Bloom  field  mines,  a  short  distance  above  the  "third" 
coal.  This  correlation  takes  into  account  a  thickening  of  the 
strata  with  a  dip  to  the  southwest. 

26  O.  B«p. 
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LOWER  COAL  HORIZONS. 

Whether  or  not  coal  of  workable  thickness  exists  below  the 
horizons  now  worked  is  a  matter  of  considerable  economic 
importance.     While  the  coal  horizons  now  kno-w^n  are  more 
than  sufficient  to  supply  present  demand  as  well  as  any  addi- 
tional probable  demand  for  some  time  to  come,  still  i^hen  the 
mines  near  the  city  have  worked  out  their  territory,  it  will  be 
necessary  for  them  either  to  move  farther  out  or  to  find  new 
horizons  lower  down.     The  former  entails  considerable  initial 
e^ense  and  the  permanent  charge  for  transportation  into  the 
city.     Under  such  circumstances  lower  coal  seams  ^w^ill  become 
valuable.     With  almost  no  exception  the  actual  location  of 
workable  coal  throughout  the  Iowa  coal  field  is  the  resuit  of 
drilling.     The  horizon  may  in  most  cases  be  approximately 
located  by  stratigraphy,  but  the  location  of  the  workable  coal 
is  by  drilling.     What  holds  true  in  general  is  equally  true  of 
the  case  in  hand.     The  general  stratigraphy  shows  that  the 
seams  now  worked  are  some  distance  above  the  base  of  the 
coal  measures.     Indeed  they  lie  well  toward  the  middle  of  the 
formation  as  it  occurs  in  the  county.     In  all  the  mining  in  the 
counties  south  and  east  of  Polk  it  has  been  abundantly  proven 
that  the  lower  is  the  most  productive  portion  of  the  forma- 
tion.     Indeed,  the  coal  found  in    Keokuk,    Mahaska   and 
Wapello  counties  occurs  so  near  the  underlying  Saint  Louis 
limestone  that  its  deposition  has  been  conditioned   by  the 
irregularities  in  the  surface  of  that  formation.     This  portion 
of  the  coal  measures  is  below  that  which  has  been  prospected 
at  Des  Moines,  and  while  it  may  not  prove  as  productive  ia 
this  area  as  it  has  elsewhere  in  the  state  there  is  no  reason  to 
doubt  that  it  carries  considerable  coal.     Aside  from  this  gen- 
eral fact,  however,  there  are  certain  others  which  seem  to  be 
confirmatory.     A  section  along  the  Des  Moines  river  from 
Harvey  to  Des  Moines*  shows  the  presence  of  several  coal 
horizons  which  are  stratigraphically  beneath  the  beds  exposed 
in  Polk  county.     It  is  certainly  to  be  expected  that  some  of 

*Keyes:    Iowa  Geo!.  Snrv.,  1, 94.    Des  Moines,  1893. 
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these  will  be  found  to  be  productive  in  part  at  least.  In  a 
previous  portion  of  this  report  it  was  suggested  that  the  irreg- 
ularities in  the  position  of  the  coal  beds  of  South  Des  Moines 
iwrere  to  be  explained  by  the  presence  under  them  of  either  an 
unconformity  or  a  lower  coal  seam.  There  is  no  independent 
evidence  of  unconformity  though  local  unconformities  are 
known  to  occur  throughout  the  coal  measures.  It  would 
seem,  accordingly,  that  the  evidence  here  would  at  least  fit  in 
with  that  derived  from  other  sources,  and  would  indicate  the 
presence  of  lower  coal.  The  actual  test  of  the  matter  must 
of  course  be  by  drilling,  but,  if  one  or  even  a  half  dozen  drill- 
holes were  to  be  considered  conclusive,  the  question  would 
now  be  settled.  A  very  brief  experience  with  such  work  will 
convince  any  one  that  a  large  number  of  carefully  made  drill- 
holes are  necessary  to  obtain  any  reliable  results.  For 
example,  it  has  already  been  shown  that  the  drill  at  Green- 
wood park  passed  far  below  the  horizons  known  to  carry  coal 
on  all  sides  of  the  park  and  yet  no  coal  was  found.  It  is  cer- 
tainly fair  to  conclude  that  the  absence  of  coal  lower  down  in 
the  same  hole  is  no  proof  of  its  absence  throughout  the  county. 
Two  other  deep  holes  have  been  put  down  in  the  vicinity. 
One  was  at  the  court  house,  the  other  near  Saylorville.  At 
this  time  it  seems  impossible  to  get  any  definite  and  accurate 
information  with  regard  to  these  holes,  but  it  is  reported  that 
they  did  not  show  deeper  coal.  Some  time  since  the  Crescent 
Coal  Co.  of  What  Cheer  put  down  two  diamond  drill  holes, 
starting  on  the  bottom  lands  near  Des  Moines  and  carrying 
the  borings  down  to  the  Saint  Louis.  These  showed  the 
probable  presence  of  lower  coal  horizons,  but  not,  at  that  point, 
of  coal.  The  drill  hole  at  Valley  Junction  is  said  not  to  have 
shown  coal,  while  a  deep  hole  at  Commerce  shows  several 
horizons,  at  least  one  of  which  is  workable. 

On  the  whole  it  may  be  said  that  the  prospect  for  finding 
lower  coal  is  quite  good  but  that  there  is  no  reason  to  sup- 
pose that  the  coal  is  any  more  evenly  distributed  than  that 
now  known,  and  its  definite  location  calls  for  the  same  per- 
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sisteiit  search  that  is  made  elsewhere  when  n^^w  coal  fields 
are  developed  along  the  horizons  already  known.  In  all  such 
work  definite  negative  evidence  is  only  obtained  by  carrying 
the  holes  down  to  the  limestone,  which  may  be  anywhere  from 
200  to  400  feet  below  the  river  level. 

FAUNA  OF  THE  COAL  MEASURES. 

The  beds  exposed  at  Des  Moines  are  quite  frequently  fos- 
siliferous  and  considerable  collections  of  characteristic  forms 
may  easily  be  made.     Many  of  these  forms  were   described 
and  others  were  noted  by  Dr.  C.  R.  Keyes  during-   his  resi- 
dence in  Des  Moines.     He  has  been  so  good  as  to  summarize 
his  published  notes  upon  these  fossils  and  to  add  to  the  list 
certain  more  recently  noted  forms.    The  species  found  belong 
to  two  distinct  faunas,  the  one  characterizing  the   thin  lime- 
stone beds  noted  previously  and  the  other  occurring*  in  the 
shales  associated  with  the  coal  seams.     In  the  foUo^ng  list, 
prepared  by  Dr.  Keyes,  the  two  faunas  have  been  separated. 

List  of  Carboniferous  Fossils  from  Des  Moines. 

(BY  C.    R.    KEYES.) 
SPECIES   IDENTIFIED  FROM  THE  SHALES. 

PROTOZOANS. 

FusuUna  cycJiadrica  Fisher. 

CORALS. 

LopbopbjUam  proli&rum  McChesney. 

ECHO^ODERMS. 

Arcbasocidaris  edgarensis  Worthen  and  Miller. 
Eupacby  criu  as  ap.  ? 

BRYOZOANS. 

Rbombopora  lepidodendroidta  N*  eek 
5»  nocltidia  biseriaUs  Swallow 
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BRACHIOPODS. 


Lingulm.  umbonmta.  Cox. 

Orbitoi^ea  nitidm,  Phillips. 

Productas  nanus  Meek  and  Worthen. 

Prodactaa  cora  D'Orbigny. 

Productna  muricatua  Norwood  and  Pratten. 

Cbonetes  Jwvis  Keyes. 

Cbonetea  ffamingi  Norwood  and  Pratten. 

Cbonetes  mesoloba  Norwood  and  Pratten. 

Dirbja  crassa  (Meek  and  Hayden). 

Spirifer  camerataa  Morton. 

Spiri&r  Jineatos  Martin. 

Spirifer  rockymontanas  Marcou. 

Atbjtia  argentea  Shepard. 

Huatedia  mormoni  Marcou. 

RbyncboneUa  uta  Marcou. 

LAMELLEBRANCHS. 

Lima  retifera  Shumard. 

Mjalina  awaUovi  McChesney. 

Aviculopecten  coxanoa  Meek  and  Worthen. 

Avicahpecten  neglectns  (Geinitz). 

Ariculopecten  wbitei  Meek. 

Ayicaltt  longa  (Geinitz) 

Naeulana  belUstriata  Stevens. 

Nncala  beyricbi  Schauroth 

Nncula  parva  McChesney. 

NucaU  ventricosa  Hall 

Macrodon  obaoktas  Meek. 

Scbiz'jdaa  sp.? 

Schizodtts  alpiaa  (Hall). 

Phuropboms  permianua  Swallow 

Plearopboma  sabcnmatna  Meek  and  Hayden. 

Clinopistba  radiata  Hall 

Solenomja  soleniformia  Cox 

Aatartella  vera  Hall. 

GASTEROPODS. 

Dentalium  meekianam  Geinitz 

Dentalium  annaloatriatum  Meek  and  Worthen 

Dentalium  sublteve  Hall. 

Belleropbon  petcartnatus  Conrad 

Belleropbon  monfortianus  Norwood  and  Pratten. 

Belleropbon  carbonariua  Cox. 

Phurotomaria  brazoenis  Shumard 

Pleurotomaria  grayvilltnsis  Norwood  and  Pratten. 

Pieurotomaria  carbonaria  Norwood  and  Pratten 
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PlearototBMfia  modeata  Keyes. 

Pkurotomarim.  apbarul&ta,  Conrad. 

Pkttrotomarim.  YalvAtiformis  Meek  and  Worthen. 

Marcbisoaia  quadricarinata  (Worthen). 

Straparollma  catiUoides  (Conrad). 

StraparolhiB  pemodosus  Meek  and  Worthen. 

Naticop$i8  nana  (Meek  and  Worthen). 

Tracbjdomia  wbeehri  (Swallow). 

Loxonema  acitula  Meek  and  Worthen. 

Loxonema  multicoata  Meek  and  Worthen 

Soleniscus  newbarji  (Stevens). 

Soleniscoa  bumilia  (Keyes). 

Sokaiscas  gracilis  Cox. 

Sokoiacos  paladiaasformis  (Hall). 

Spbssrodoma  medialis  ( Meek  and  Worthen). 

BuUmorpba  minuta  (Stevens). 

Balimorpba?  cbrjsalia  ( Meek  and  Worthen). 

Ortbonema  coaica  Meek  and  Worthen. 

Aclteooina  minuta  Stevens. 

Acliaina  miauta  (Stevens). 

Aclisina  robasta  Stevens. 

Strtptacis  wbhUeldi  Meek. 

Attompbalus  rotohs  Meek  and  Worthen. 

CEPHALOPODS. 

Ortboceras  rusbensis  McChesney. 
Ortboceraa  facskrensia  Keyes. 
Naatilis  laaslknsia  Meek  and  Worthen. 
NautUis  occidentalis  Swallow. 
NaatUia  winslovi  Meek  and  Worthen. 
Gooiatites  noknensis  Cox. 

CRUSTACEANS. 

Cjibere  nebracensia  Geinitz. 
Pbillipsia  sp.? 

VERTEBRATES.- 

Tbrinacodus  duplicatus?  (Newberry  and  Worthen). 
Deltodua  intermedius  St.  John  and  Worthen. 
Pttrodua  occidentalis  Newberry  and  Worthen. 

SPECIES   FROM  THE  LIMESTONES  AT   DES   MOINES. 

CORALS. 

Lopbopbjllum  proliierum  McChesney. 
CyatbopbjUum  torqumm  Owen. 

ECHINODERMS 

Bvpacbjrcrinus  cragini  Meek  and  Worthen. 
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BRYOZOANS. 

Rhombopora  lepidodendroidea  Meek. 
Sjnocladia  biseralia  Swallow. 

BRACHIOPODS. 

Cbonetes  Hitningi  Norwood  and  Pratten. 
Chonetes  mesoloba  Norwood  and  Pratten. 
Rhyncbonella,  ota  Marcou. 
Hastedia  mormotd  Marcou. 
Athyris  argeatea  (Shepard). 
Prodactas  aemireticolatas  Martin. 
Pfodactaa  muricatas  Norwood  and  Pratten. 
Prodactaa  cora  D'Orbigny. 
Productua  costata  Sowerby. 
Spti&r  Haeatua  Martin. 
Spirittr  cameratus  Martin. 
Spirifer  planoconrexua  Shumard. 
Sphri&rina  kentuckensis  Shumard. 
Dsrbja  crasaa  (Meek  and  Hayden). 

'*These  faunas  are  remarkable  on  account  of  both  the  number  and  variety  of 
species  represented  and  the  great  numerical  representation  of  individuals  The 
fossils  are  in  an  excellent  state  of  preservation,  enabling  the  minutest  details  of 
ornamentation  to  be  clearly  made  out.  Hence  they  are  of  more  than  local  inter- 
est from  several  points  of  view. 

There  are  two  very  distinct  faunas  represented.  The  one  is  a  characteristic 
shore  or  brackish  water  phase,  and  is  distinguished  by  great  the  predominance  of 
gasteropods  and  lamellibranchs.  It  is  found  repeated  at  a  number  of  horizons  Its 
best  development  is  in  the  bituminous  shales  over  the  coal  beds.  The  other 
fauna  is  a  more  strictly  marine  one,  in  which  the  species  are  prevailingly  bachio- 
podous  and  coralline.  It  occurs  at  three  different  horizons,  in  as  many  thin  bands 
of  limestone,  none  of  which  are  over  ten  inches  in  thickness.  All  three  horizons 
are  present  in  the  tops  of  the  hills  along  the  Des  Moines.  At  the  south  end  of  Capi- 
tol and  Terrace  hills  and  in  the  bluffs  of  the  Raccoon  river  the  fossils  are  abun- 
dant. 

In  the  geaeral  section  already  given  the  limestones  from  which  the  above  fos- 
sils were  collected  are  numbers  9,  11  and  17.  The  shales  yielding  most  of  the 
fossils  were  number  15,  and  the  beds  found  immediately  over  the  coal  seams  in 
the  various  mines 

With  regard  to  the  fossils,  certain  general  conclusions  have  been  drawn. 

(1 )  In  those  zoological  groups  having  an  optimum  marine  habitat,  there  are 
not  only  a  small  number  of  species  present,  but  also  an  extreme  paucity  of  indi- 
viduals. 

(2)  The  brachiopods,  though  well  represented  in  both  genera  and  species, 
were  not  proportionately  as  abundant  as  might  be  expected  when  it  is  remem- 
bered that  this  type  of  life  had  nearly  reached  its  greatest  expansion  and  culmi- 
nation at  the  time  these  beds  were  deposited. 
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(3)    The  fauna  was  predominantly  molluscan,  more  than  three-fourths  of  the 
entu*e  number  of  species  being  gastropods  and  lamellibranchs. 

The  Protozoa,  Coelenterata,  Bryozoa  and  Eehinodermata  form  a  very  inooD- 
spicuous  proportion  of  this  local  fauna,  only  three  or  four  specifically  distinguish- 
able members  of  each  group  being  obtained  Although  the  brancliiopods  are 
represented  by  fifteen  species  included  in  nine  genera,  they  were,  with  three 
exceptions,  of  comparatively  rare  occurrence  —  Prodaetus  murics.tua^  CboneUs 
mesoloba  and  Orbitoidea  ntdda  only  being  abundant.  The  bracliiopods  are  also 
all  depauperate,  attesting  conditions  at  the  time  that  they  lived  extremely  unfav- 
orable to  their  full  development  and  to  the  attainment  of  a  normal  size . 

Molluscan  forms,  while  certain  of  the  black  shales  were  belngr  laid  down, 
flourished  luxuriantly,  especially  the  gastropods,  which  in  number  ot  species 
composed  more  than  one-third  of  the  entire  fauna.  Not  only  did  they  exceed  in 
species  but  they  far  outnumbered  all  others  in  individuals,  and  while  as  a  ruie 
they  were  small  and  some  of  them  even  minute,  their  vast  numbers  made  up,  in 
great  part  at  least,  for  the  conspicuity  of  large  but  fewer  forms. 

Although  the  majority  of  the  forms  of  this  group  are  small  it  is  not  a  depau- 
peration as  among  the  brachiopods,  as  is  shown  by  the  average  size  of  the  individ- 
uals of  each  species  being  normal,  and  in  some  instances  even  considerably  above. 
Some  of  the  species  are  aUo  of  interest  because  of  their  recognition  at  this  point 
for  the  first  time  within  the  limits  of  the  state,  and  thus  to  a  considerable  extent 
their  own  geographical  range  has  been  increased     Others  of  the  species  enu- 
merated are  now  known  to  have  a  wide  geographical  distribution  which  is  sug- 
gestive of  a  somewhat  extended  vertical  range.     Among  recent  mollusca  and 
especially  land  forms  a  wide  geographical  distribution,  as  has  been  remarked  by 
Binney,  appears  to  be  indicative  of  a  high  antiquity  for  the  group     The  corrobo- 
rative evidence  is  abundant;  a  notable  instance  is  the  living  2iOnites,  four  or  more 
species  of  which  are  circumpolar  in  their  distribution;  and  the  genus — even  a 
subgenus  Conulus  to  which  one  of  these  living  forms  balong— ranges  back  to  the 
Carboniferous,  while  the  genus  Pupa  is  represented  in  the  Carboniferous  by  four 
species.    Cephalopods  are  not  abundant  in  the  region  under  consideration,  and 
are  represented  by  only  two  genera  and  species,  yet  a  Nautilus  attained  a  diam- 
eter of  twenty  centimeters,  and  an  Orthoceras  was  fifty  centimeters  in  length., 
with  a  diameter  at  the  larger  extremity  of  five  centimeters. 

Of  the  lamelllbranches  the  majority  are  small,  though  two  of  them  are  com- 
paratively large,  attaining  a  length  of  nearly  ten  centimeters,  yet  having  an 
extremely  thin  and  fragile  shell.  One  of  the  specimens  co'lected  is  of  especial 
significance  as  exhibiting  in  all  its  details  the  internal  features  of  the  shell,  the 
characteristic,  well  defined  muscular  scars  and  the  edentulous  hinge  margin;  in 
fact,  it  so  closely  resembles,  in  these  characters — the  general  form  and  external 
appearance— a  modern  Anodonta,  that  it  is  diflBcult  to  see  how  it  can  be  generic- 
ally  separate,  and  should  further  investigation  prove  that  the  specimen  under  con- 
sideration really  belong  to  that  genus,  it  would  be  of  unusual  interest  in  its  bear- 
ing upon  the  distribution  of  fresh-water  or  non-marine  mollusca  during  geologic 
times.  The  modern  Unio  and  allied  genera  certainly  have  both  a  wide  geograph- 
ical and  geological  distribution,  as  is  shown  by  the  rich  discoveries  of  Unionidea 
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in  the  Mesozoic  strata  of  the  west:  and  'the  genus  Anodonta  is,  if  the  opinion  of 
Hall  is  adhered  to,  represented  in  the  Devonian  by  two  species,  but  that  these 
t^v^o  forms  really  belong  to  Anodontais  questionable.  Dawson  has  described  sev- 
eral allied  forms  from  the  Carboniferous  of  Nova  Scotia;  but  their  family  position 
is  as  yet  also  unsettled.  With  these  considerations  in  view,  the  evidence  thus  far 
obtained  points  to  a  high  antiquity  for  this  group  of  bivalves  whiL«h  now  is  so 
abundantly  represented  in  all  our  streams  and  ponds.  As  will  be  noted,  Crusta- 
ceans are  represented  by  a  species  of  Cythere;  and  a  trilobites  by  a  single  pygi- 
dium." 

PLEISTOCENE. 

The  Pleistocene  series  of  Polk  county  includes  the  deposits 
of  several  separate  stages.  There  are  records  of  two  and 
probably  three  ice  sheets.  Gravel  horizons  and  a  loess  hori- 
zon indicate  considerable  changes  in  the  freedom  of  drainage 
and  by  inference  tell  of  changes  in  general  altitude.  There 
are  unconformities  and  periods  of  considerable  erosion. 
Buried  soils  tell  of  former  climatic  changes,  and  as  has 
already  been  seen,  the  surface  configuration  reveals  the  fact 
that  there  have  been  in  recent  times  marked  changes  in  local 
geography.  The  series,  for  all  its  complexity,  is  not  complete, 
and  to  obtain  the  full  history  of  the  region  one  must  go  out- 
side the  county  for  a  portion  of  his  facts. 

PRE-KANSAN   DRIFT. 

In  southern  Iowa  and  northern  Missouri  there  is  at  several 
points  a  distinct  drift  sheet  lying  below  the  Kansan  drift, 
which  forms  the  surface  formation  over  much  of  the  region. 
This  pre -Kansan  drift  as  exposed  near  Afton  Junction,  has 
been  provisionally  correlated  by  Chamberlain*  with  the  Alber- 
tant  as  proposed  by  Dawson.  It  has  not  yet  been  traced 
northward  from  the  Union  county  outcrops,  so  that  its  equiva- 
lence with  certain  other  exposures  of  drift  presumed  to  rep- 
resent the  same  horizon  is  at  present  open  to  some  slight 
question.  There  are  in  Polk  county  two  known  exposures  of 
a  drift  which  is  most  probably  to  be  referred  to  this  horizon 
though  the  evidence  is  not  quite  so  clear  as  might  be  desired. 

•  Editorial,  Jour.  Geo!.,  IV,  872-876     Ohl'5ago»  1896.. 
t  Jour.  Gbol.,  vol.  II,  pp  507-518.    Chicago,  1895. 
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One  of  these  exposures  is  at  Thompsons  Bend,  in  the  city  of 
Des  Moines.     Worthen,*  in  his  notes  on  the  Des  Moines  val- 
ley, mentions  at  this  point,  at  the  base  of  the  drift  deposits, 
a  bed  of  ferruginous  conglomerate  three  feet  in   thickness. 
The  conglomerate  is  not  now  exposed,  though  pebbles,  which 
apparently  are  derived  from  it,  are  abundant  at  the  horizon 
mentioned.     These  pebbles  include  various  greenstones  and 
granites  not  found  in  any  coal  measure  or  Cretaceous  con- 
glomerates known  in  the  state.     They  are  of  the  same  sort  of 
material  found  in  the  drift  and  that  is  evidently  their  origin. 
They  are  badly  weathered  and  iron-stained  and  in  these  par- 
ticulars are  easily  differentiated  from  the  pebbles  of  the  over- 
lying Wisconsin  drift.     They  may  safely  be  considered  as  pre- 
Wisconsin,  but  beyond  that  there  is  no  certainty  with  regard 
to  their  age.     In  position  and  general  appearance  they  strik- 
ingly resemble  the    older    gravels    occurring  southeast  of 
Hastie,  yet  to  be  described. 

The  exposure  near  Hastie  (Tp.  76  N.,  R.  XXIII  W.,  Sec. 
23)  is  one  of  the  best  along  the  river.     The  stream  has  been 
thrown  against  the  eastern  side  of  its  wide  valley  and  has  cut 
back  the  bluff  until  a  precipitous  face  130  feet  high  fronts 
the  bottom  land,  as  shown  in  figure  40.     The  bluff  has  a  his- 
torical interest  since  Owen+  noted  it  and  suggested  that  the 
marly  earth  capping  the  bluff  was  probably  of  the  same  age 
as  the  loess  of  Germany.     Later  Keyes  and  CallJ  studied  the 
exposure  and  determined  the  presence  of  loess,  till  and  strati- 
fied sands.     The  loess  fossils  mentioned  below  were  collected 
and  determined  by  them.     The  section  shows  the  following 
beds. 


5     Loess,  usual  texture  and  buff  color,  showing  vertical 

jointing  and  perpendicular  face,  containing  SacdaeB.  I 

Avara  Say;  «S>.   obh'qaa  Say;     Helicina  occulta,  Say; 

Pupa  muscorum  Linne;  Vallonia  pulcbeUa  Muller; 

Zonites  arboreus  ^ay;  Patula  strigosa  Gould;  Meso' 
don  thjroides  Sb,j{'^) 40 


•Hall:    Geol.    Iowa,  T,  171.    1858. 

tOwBD:    Oeol.  Sarv.  Wls.t  Iowa,  Minn.,  ISl.   185?. 

t  Proc.  Iowa  Acad.  8cl.,  H90-91,  p.  30.    Des  MoinM,  IWt 
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FEBT. 

4.  Till,  reddish  brown  above,  becoming  yellow  below,  and 

passing  indefiDitely  into  the  formation  below 20 

5.  Till,  blue,  containing  with  the  above,  bits  of  chert, 

limestone,  sandstone,  coal,  quartzite,  badly  weath- 
ered gray  granites,  diabase,  fine-grained  greenstone, 

mica  schist,  and  dark  green  slate .  30 

2.    Stratified  sand  and  conglomerate,  imperfectly  exposed  40 
1.    Till,  very  dark  blue,  containing  small  pieces  of  fine- 
grained greenstone  and  rotten  schist  with  bowlders 
of  granite - 1 

All  of  these  beds  with  the  exception  of  number  1  are 
exposed  in  the  bluflf,  though  the  lower  portion  of  the  latter  is 
much  obscured  by  talus.  Number  1  is  found  in  the  bed  of  a 
small  tributary  and  is  seen  to  be  covered  by  conglomerate 
similar  to  that  seen  in  the  bluflf.  The  appearance  of  the 
lower  drift  is  quite  diflEerent  from  that  above  the  conglomer- 
ate. It  is  darker  in  color,  more  compact,  and  contains  fewer 
large  bowlders  so  far  as  might  be  judged  from  the  limited 
exposure  examined. 

The  conglomerate  is  made  up  mainly  of  chert,  but  it  also 
contains  bits  of  quartzite,  greenstone  and  of  very  badly 
weathered  granite.  It  is  quite  firmly  cemented  by  oxide  of 
iron.  It  contains  much  the  same  sort  of  pebbles  as  are  found 
in  the  accompanying  drifts.  Nothing  distinctive  in  the  char- 
acter of  the  material  could  be  made  out  between  the  diflEerent 
drifts  or  the  conglomerate,  though  the  lower  drift  and  the 
conglomerate  seemed  to  be  more  weathered.  In  the  bluflf 
there  are  apparently  two  ledges  of  conglomerate,  each  two  to 
three  feet  thick,  but  the  slipping  which  has  taken  place  makes 
it  impossible  to  be  sure  of  this.  Associated  with  the  con- 
glomerate are  stratified  sands  of  a  bright  orange  color,  bear- 
ing pebbles  of  chert  and  of  northern  rocks  up  to  three-fourths 
of  an  inch  in  diameter. 

The  loess  and  the  upper  drift  represent  the  formations  com- 
mon throughout  the  region  and  the  drift  is  that  called  the 
Eansan.  The  sands  and  conglomerates  are  obviously  water- 
laid.     In  appearance  and  position  they  resemble  the  gravels 
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found  below  the  Af tonian  peat  beds.     The  drift  below^  answers 
well  to  the  sub-Aftonian  drift.     There  is,  however,  no  posi- 
tive evidence  here  that  the  gravels  are  separated  from  the 
lower  drift  by  any  considerable  interval,  that  is,  that  they 
are  strictly  in terglacial.    Neither  is  there,  perhaps,  conclusive 
proof  that  they  are  distinct  from  the  Kansan  drift.     Until 
more  is  known  of  the  drift  of  the  region  south  the  alternative 
theory,  that  the  stratified  beds  simply  represent  ^water  work 
during  the  advance  or  retreat  of  the  Kansan  ice,  can  not  be 
altogether  set  aside.     The  beds  seem  to  lie  in  the  side  valley 
of  an  older  tributary  of  the  main  stream  rather  than  in  the 
main  valley.      The   latter  was  apparently  almost    entirely 
cleared  of  such  beds,  if  they  were  present,  before  the  Kansan 
ice  invaded  the  region.     If  this  be  indeed  true,  it  v^ould  of 
course  necessitate  a  certain  amount  of  stream  adjustment  and 
a  very  considerable  amount  of  erosion  in  the  interval  between 
the  gravels  and  the  Kansan.     This  is  not  in  conflict  with  any 
known  facts  and  is  favored  by  not  a  few. 

THE  KANSAN  DRIFT. 

The  principal  drift  sheet  found  in  the  county  is  that  which 
in  the  previous  reports  of  the  survey  has  been  referred  to  the 
Kansan  period.     It  is  in  the  main  a  stiff  blue  bowlder  claj. 
It  contains   numerous  pebbles,  including  especially   green- 
stones of  various  types.     It  has  a  large  amount  of  local  mate- 
rial incorporated.     The  bowlders  are  predominately  small  as 
compared  with  those  dotting  the  surface  of  the  newer  drift. 
In  the  area  not  covered  by  the  Wisconsin,  large  surface  bowl- 
ders are  rare,  and  it  does  not  seem  that  this  is  altogether  the 
result  of  the  obscurement  due  to  the  loess  mantle.     In  the 
region  south  and  west  of  Polk  county  there  are  considerable 
areas  from  which  later  erosion  has  removed  the  loess  and 
within  such  areas  the  bowlders  found  on  the  surface  and  col- 
lected in  the  streams  are  neither  so  large  nor  so  abundant  as 
within  similar  areas  covered  by  either  of  the  later  ice  sheets 
which  occur  in  Iowa.     The  difference  in  this  regard  is  not  so 
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striking  when  the  Kansan  and  the  Wisconsin  areas  of  Polk 
county  are  contrasted  as  when  corresponding  regions  covered 
by  the  Kansan  and  the  lowan  in  eastern  Iowa  are  studied.  It 
is,  however,  none  the  less  a  real  diflference  and  a  valuable 
criterion  for  discrimination.  The  bowlders  occurring  in  the 
Kansan  are  more  frequently  flattened  and  striated. 

In  the  bluffs  south  of  the  Raccoon  river  and  along  the  bluffs 
of  the  Des  Moines  below  the  city,  the  Kansan  frequently  out- 
crops and  may  be  readily  examined.  While  the  bulk  of  this 
drift  is  a  blue  clay  the  portion  most  commonly  seen  is  yellow, 
brownish  or  even  red.  Before  it  was  buried  under  the  loess 
it  was  exposed  for  a  long  period  to  surface  action.  The  iron 
contents  became  highly  oxidized,  the  soluble  constituents  were 
largely  dissolved  out,  and  at  many  places  the  finer  material 
had  been  washed  away,  leaving  a  gravelly  surface.  It  is  this 
upper  surface  which  is  most  frequently  seen.  It  appears  as  a 
belt  or  zone  along  the  sides  of  most  of  the  streams  of  the  loess- 
covered  area.  Above,  the  slope  is  covered  by  loess.  Not  far 
below,  the  alluvium  obscures  the  drift.  When  any  of  the  larger 
streams  have  been  thrown  to  one  side  so  as  to  cut  away  the  over- 
wash  one  may  get  a  complete  section,  such  as  the  one  described 
near  Hastie,  except  that  the  beds  below  the  Kansan  are  not 
known  to  occur  elsewhere.  Good  sections  of  the  Kansan 
drift  are  rarely  seen  in  this  region.  This  is  due  to  the  fact 
that  the  topography  of  the  country  south  of  the  Wisconsin 
drift  area  was  almost  wholly  developed  before  the  loess  was 
deposited.  The  latter  forms  a  mantle  over  this  older  surface, 
covering  the  Kansan  almost  entirely.  Whenever  there  have 
been  recent  stream  changes  the  Kansan  is  found.  Its  upper 
surface  is  readily  recognized  by  the  reddish  brown  color 
and  the  presence  of  many  badly  weathered  bowlders.  These 
characteristics  are  maintained  not  only  when  it  is  covered  by 
the  loess  but  when  the  latter  becomes  covered  by  the  Wiscon- 
sin. On  the  west  side  of  the  Des  Moines  river  at  the  Polk 
City  bridge  (Tp.  80  N.,  R.  XXV  W.,  Sec.  10),  in  passing  up 
the  hill  one  goes  over  the  normal  succession  of  coal  measures. 
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Kansan  drift,  loess  and  Wisconsin  drift.  The  same  niay  be 
observed  in  crossing  a  small  stream  a  mile  north  (Sec.  9,  Ne. 
qr.),  and  indeed  at  a  large  number  of  points  along  the  upper  Des 
Moines  valley.  It  is  the  normal  succession.  Low^er  till  with 
the  same  characteristic  outcrops  has  been  noted  by  Beyer* 
still  farther  north,  in  Boone  county. 

Throughout  the  southern  portion  of  Polk  county  this  weath- 
ered horizon  is  constantly  seen.     Wherever  the   loess  is  cut 
through,  the  latter  crosses  the  hill-tops,  but  is  also  found  in 
the  valleys  as  well.     In  road  cuttings  it  is  often  possible  to 
see  the  old  Kansan  horizon  under  the  loess  running*  dovm  the 
slope  to  the  bottom  land.     In  such  cases  it  is  obvious  that 
both  the  valley  and  the  weathered  horizon  are  earlier  than 
loess.     This  is  true  for  the  major  and  most  of  the  minor  val- 
leys of  this  portion  of  the  county.      Since  the  drainage  is 
quite  perfectly  developed  it  must  be  clear  that  both  lines  of 
evidence  point  to  the  conclusion  that  there  was  a  very  con- 
siderable interval  between  the  Kansan  drift  and  the  loess. 

THE   LOESS. 

The  loess  of  the  Des  Moines  valley  early  attracted  atten- 
tion.    Owen,  as  we  have  seen,  correctly  interpreted  it.     It 
was    later    studied    in    considerable    detail  by    Call,t    who 
made  extensive  collections  of  fossils  from  it.     As  usually 
exposed  near  the  city  it  is  the  normal  buff  colored,  fine-grained 
pebbleless  material  of  porous  texture,  vertical  jointing  and 
calcareous  reaction.     It  frequently  contains  fossils  and  lime 
concretions  known  as  loesskindchen.     It  is  quite  irregular 
in  thickness.     At  the  fruit  farm  of  Hon.  J.  G.  Berryhill  (Tp. 
78  N.,  R.  XXV  W.,  Sec.  19)  a  well  showed  it  to  be  seventy 
feet  deep,  on  the  west  side  of  West  Four  Mile  creek,  while 
upon  the  opposite  side  of  the  valley  the  underlying  Kansan 
outcrops  near  the  top  of  the  hill.     In  general,  it  is  from  ten 
to  twenty  feet  thick  over  the  southern  portion  of  the  county. 

*Beyer:    Iowa  ^^^eol.  Svlty  ,  V,  203.    1895. 

tOall:    Amer.  Nat.  XV.  585-S86, 783-781, 1881;  XVI,  38>-381,  512-549.    1883. 


THE    LOESS.  341 

It  may  be  seen  particularly  well  developed  in  the  brick  pits 
on  the  south  side  of  the  river,  or  in  the  road  cuttings  along 
Clifton  avenue,  but  is  quite  commonly  exposed  over  the 
area  indicated  on  the  accompanying  map.  It  is  quite  easily 
recognized  by  its  texture,  color,  and  freedom  from  pebbles. 
It  is  usually  very  fine-grained,  but  at  points  grades  downward 
into  a  rather  coarse  sand.  This  may  be  seen  at  the  south  end 
of  the  Valley  Junction  bridge  over  the  Raccoon  river  (Tp.  78 
N.,  R.  XXV  W.,  Sec.  14).  These  coarse  sands  seem  to  be,  in 
part  at  least,  genetically  related  to  the  loess.  They  have 
not  been  found  except  in  the  Raccoon-Des  Moines  valley,  or 
on  the  edge  of  uplands  along  it.  At  one  point  similar  sands 
are  found  between  two  loess  beds.  This  may  be  seen  at  the 
Dale-Goodwin  brickyard  (Tp.  78  N.,  R.  XXIV  W.,  Sec.  24,  Ne, 
qr. ,  Ne.  i).     The  section  shown  in  the  hillside  is  as  follows. 


4     Soil,  black 2+ 

3  Loess,  buff  to  brown,  with  vertical  jointing  and  nor- 
mal appearance 3 

2.    Sand,    orange    colored,    cross-bedded,    irregular    in 

amount H 

1     Loess,  light  gray,  clayey,  fossilif erous 8+ 

Under  the  lower  loess  is  said  to  be  a  stronger  brown  clay. 
In  the  vicinity  only  the  normal  Kansan  drift  and  loess  is 
exposed.  It  is  possible  that  the  brown  clay  belongs  to  the 
coal  measures.  The  presence  of  the  bed  of  sand  and  the  dif- 
ference in  character  shown  by  the  beds  of  loess  suggest  that 
they  are  here  two  separate  loess  sheets,  the  product  of  two 
widely  separated  periods  of  time.  Two  loess  sheets  have 
been  noted  at  certain  points  in  the  older  drift  area.*  In  the 
present  case,  however,  it  does  not  seem  necessary  to  resort  to 
such  an  hypothesis.  The  sand  bed  is  not  present  throughout 
the  pit,  wedging  out  entirely  at  the  eastern  end.  It  has  not 
been  observed  elsewhere,  and  for  the  present  at  least  there 
seems  to  be  no  necessity  for  considering  the  phenomena  as  of 
more  than  local  significance. 

*  Sallihury:  Ark.  Geol.  Surv.,  Aon.  Rep.  1889,  vol.  11,  pp. 224-248.  1891.  Tiltoa:  Iowa  Oeol. 
Surv  ,  V,  318,  366.    1896. 
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The  relations  of  the  loess  to  the  underlying! drift  have  been 
already  described.  It  remains  to  point  out  its  relations  to 
overlying  drift.  It  has  long  been  known  that  over  the  area 
covered  by  the  Des  Moines  lobe  no  loess  is  found.  South  and 
west  of  the  lobe,  however,  the  loess  appears.  In  1882  Messrs. 
McGee  and  Call,*  in  a  valuable  and  suggestive  paper,  brought 
out  the  facts  that  at  Des  Moines  the  loess  passes  under  the 
upper  drift,  that  now  known  as  Wisconsin.  Our  knowledge 
of  the  drift  formations  was  not  then  so  well  organized  and 
the  fact  was  interpreted  as  of  local  importance  only  and  as 
due  to  a  slight  readvance  of  the  ice  now  known  as  the  Wis- 
consin, since  what  we  now  know  as  the  lowan  drift  was  dis- 
tinctly stated  to  occur  south  of  the  city.  In  the  course  of 
the  present  work  the  fact  that'  the  loess  passes  under  the 
Wisconsin  drift,  as  stated  by  McGee  and  Call,  has  been  abun- 
dantly verified.  The  exposures  mentioned  by  these  authors 
are  now  obscured,  but  others  equally  good  may  be  found 
wherever  the  drift  on  either  the  West  Hill  or  in  Highland 
Park  is  dug  through.  During  the  summer  of  1896  the  rela- 
tions were  particularly  well  shown  at  the  top  of  the  Sixth 
Avenue  hill  and  in  the  cuts  along  Grand  Avenue  near  Green- 
wood Park,  and  the  street  railway  cutting  on  Hamilton  street 
in  Oak  Park.  The  relations  are  unmistakable  and  may  be 
verified  at  any  time.  The  upper  drift  is  quite  distinctive  and 
the  buried  loess  is  equally  easy  to  recognize,  since  it  is  very 
frequently  fossiliferous. 

The  relations  found  to  obtain  in  the  city  are  equally  true 
of  the  loess  to  the  north.  In  the  wells  near  Saylor  the  nor- 
mal section  is  as  follows. 

3.     Yellow  and  blue  pebbly  clay. 

2     Fine  pebbleless  clay  with  shells. 

1.     Blue  clay  with  pebbles  and  streaks  of  gravel. 

Loess  fossils  have  been  obtained  from  number  2  of  this  sec- 
tion at  several  points.  On  the  farm  of  Mr.  Tom  Saylor  thirty 
feet  of  pebbleless  clay  containing   ''periwinkle  shells"  is 

*  Am.  Jour.  Scl.,  &h  XXIV.  20S-22).    1882. 
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reported  below  twenty- two  feet  of  Wisconsin  drift  which  forms 
the  surface  soil.  Near  the  mouth  of  Beaver  creek  (Tp.  79  N., 
K.  XXV  W.,  Sec.  20,  Nw.  qr.,  Ne.  i)  a  road  side  ravine  shows 
the  loess  with  its  usual  characteristics  outcropping  below  the 
drift.  The  same  phenomena  may  be  seen  at  the  localities 
west  of  Polk  City,  which  have  been  already  mentioned. 

The  relations  observed  in  Polk  county  are  not  by  any  means 
local,  but  have  quite  as  characteristic  development  in  Dallas 
and  Guthrie  counties.  It  is  believed  that  they  are  generally 
true  of  the  southern  border  of  the  Des  Moines  lobe.  It  is  not 
to  be  expected  that  the  loess  will  be  found  to  be  preserved 
under  the  drift  for  any  great  distance  back  from  its  edge, 
though  local  bodies  of  buried  loess  may  be  found. 

In  view  of  this  relationship  it  seems  evident  that  the  loess 
is  not  to  be  correlated  with  the  Wisconsin  drift.  There  is  no 
good  reason  for  separating  it  from  the  loess  of  eastern  Iowa, 
with  which  it  is  continuous  and  which  sustains  such  definite 
relations  to  the  lowan  drift.  The  latter  extends  as  far  west 
as  Marshall  county  and  is  presumably  the  same  as  the  drift 
of  northwestern  Iowa.  The  loess  near  Des  Moines  would 
seem  to  belong  to  the  general  loess  sheet  which  was  formed 
around  the  edge  of  the  lowan  ice.  It  records  a  period  of  low 
levels  when  the  drainage  was  clogged  and  the  expanded 
waters  of  the  rivers  met  across  the  divides.  Under  such  con- 
ditions the  deposition  of  coarser  sands  along  the  river  valleys 
such  as  are  found  at  Valley  Junction  would  be  natural. 

The  loess  throughout  the  county  is  unusually  fossiliferous. 
At  many  points  in  and  near  Des  Moines  considerable  collections 
of  the  forms  characteristic  of  the  formation  may  readily  be 
made.  The  fossils  were  thoroughly  studied  by  Call  during 
his  residence  in  the  city,  and  his  results  will  be  found  in  the 
papers  already  cited.  Dr.  C.  R.  Keyes  has  also  made  numerous 
collections  and  notes  upon  these  forms,  and  has  kindly  pre- 
pared the  following  list. 


28  O.  Rep. 
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BEVISED  LIST  OF  LOESS  FOSSILS  FROM  DES    Bf OINTES- 

Zonitts  arboreas  Say. 
Zonitea  minuaculua  Binney. 
Zomtes  limatttlaa  Ward. 
Zonitea  fnlvaa  Drap. 
Patula  alUrttata  Say. 
Patala  atrigosa  Gould. 
Patula  airiatella  Anthony. 
Helicodiacoa  Uneatua  Say. 
Strobila  labjriatbica  Say. 
Stenotrcma  monodon  Rackett. 
Mesodon  clausus  Say. 
Mesodon  maltilineata  Say. 
Mesodon  tbyroides  Say. 
V&Uonia  pulcbella  Muller. 
Pupa  pentadon  Say. 
Pupa  armjfera  Say. 
Pupa  muscomm  L. 
Pupa  corticaria  Say. 
Pupa  blandi  Morse. 
Vertigo  aimplex  Gould. 
Sttccinea  obliqua  Say. 
Succinea  avara  Say. 
Carycbium  exiguum  Say. 
Limnopbyaa  deaidioaa  Say. 
Limnophyaa  bamilis  Say. 
Limnopbyaa  caperata  Say. 
Helicina  occulta  Say. 
Ferrussacia  subcyclindrica  Linn 

WISCONSIN   DRIFT. 

The  larger  portion  of  Polk  county  was  covered  by  the  ice 
of  the  Des  Moines  lobe  which  ran  down  in  a  long  tongue  from 
the  greater  development  of  the  Wisconsin  ice  in  Minnesota. 
The  area  in  this  county  which  was  so  covered  is  shown  on  the 
accompanying  map.  The  deposits  of  this  ice  sheet  include 
not  only  the  unstratifled  drift  or  till  but  a  considerable  amount 
of  Stratified  gravel,  more  perhaps  than  has  been  so  far 
observed  in  connection  with  any  of  the  other  drift  sheets  in 
Iowa. 

The  unstratifled  drift  forms  the  great  bulk  of  the  Wiscon- 
sin formation.     It  is  characterized  usually  by  a  buflf  to  whitish 
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color,  and  by  the  presence  of  relatively  un weathered  material. 
There  are  some  weathered  bowlders,  but  these  are,  as  com- 
pared with  the  Eansan,  quite  rare.  The  amount  of  local 
material  found  in  the  Wisconsin  is  notably  less.  There  is  a 
large  amount  of  fine  material  in  the  matrix  which  is  much  like 
the  loess.  Ferrugination  is  quite  rare.  Lime  is  present  in 
abundance,  and  the  drift  usually  gives  a  reaction  with  acid  up 
almost  to  the  grass  roots.  Large  bowlders  seem  more  com- 
mon upon  its  surface.  So  far  it  has  not  been  found  possible 
to  base  distinctions  upon  any  difference  in  the  kind  of  bowl- 
ders and  pebbles  found  in  the  Wisconsin  as  contrasted  with 
the  Eansan.  Apparently  the  material  of  both  sheets  was 
derived  from  much  the  same  source.  The  most  distinctive 
features  of  the  Wisconsin  till  are  its  topography  and  relations 
to  the  loess,  both  of  which  have  been  discussed. 

The  Des  Moines  lobe  seems  to  have  been  first  recognized  by 
Chamberlain,*  who  spoke  of  it  as  bordered  by  a  half  buried 
moraine.  Previous  to  this  Whitef  had  tentatively  recognized 
Mineral  Ridge  in  Story  county  as  morainic,  this  being  appar- 
ently the  earliest  recorded  recognition  of  a  moraine  in  the 
open  country,  away  from  mountain  ranges.  In  1890  Upham:}: 
traced  the  limits  of  the  lobe  but  does  not  seem  to  have  visited 
its  southern  terminus.  In  the  portion  visited  by  him  it  is 
quite  generally  bounded  by  a  rather  definite  moraine.  This 
has  been  called  the  Altamont  moraine  from  a  point  in  South 
Dakota,  where  it  is  particularly  well  developed.  This  moraine 
was  quite  fully  described  by  him,  and  through  association  it 
has  become  common  to  think  of  the  Des  Moines  lobe  as  termin- 
ated by  the  Altamont  moraine.  This  is  not,  however,  true  for 
all  parts  of  the  border.  The  southern  border  of  the  Des 
Moines  Ipbe  as  developed  in  Polk  and  adjacent  counties  has 
no  definite  terminal  ridge  answering  to  a  moraine.  Moranic 
patches  are  occasionally  seen  in  neighboring  counties,  but  in 


*8ee  La  moraine  terminal  du   Amtirique  du  Nord;  Ocmpt.  Beadu.  Oong.  Intern,  g^ol., 
Paris.  1878:  and  Trans.  Wis.  A.cad.  Arts  and  Lit.,  voi.  IV  1876-77,  pp.  90i-33L 

tOcol.  Iowa,  vol.  I,  p.  Q8.    1870. 

tQeol.  Nat.  Hist.  Sarv.  Minn.,  1880,  p.  20S. 
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Polk  county  there  is  nothing  whatevermoranie  or  of  the  nature 
of  a  ridge  about  its  border.  The  topography  -within  the  lobe 
is  very  different  from  that  without.  The  drift  within  has 
also  marked  physical  eharaeteristies.  But  toward  the  border 
the  drift  becomes  thin  and  the  topography  indistinct  until  it 
is  often  impossible  definitely  to  locate  the  line.  The  outwash 
plain  which  might,  from  the  known  conduct  of  the  Wiseonsia 
drift  in  other  states  and  the  known  presence  of  gravel  trains 
be  expected  to  aid  in  the  discrimination,  is  rarely  present. 
Around  the  end  of  Four  Mile  Ridge  there  is  a  certain  devel- 
opment of  sands  and  stratified  drift,  but  this  is  a  notable 
exception.    In  general  the  best  field  test  is  the  presence  or 


absence  of  loess  at  the  surface.  Where  the  loess  has  become 
covered  by  pebbly  elay  one  is  within  the  limit  of  the  lobe, 
but  where  the  loess  forms  the  surface  material  the  reverse 
may  be  assumed  to  be  true. 

The  assorted  drift  found  in  connection  with  the  Wisconsin 
drift  sheet  belongs  to  three  categories,  kames,  gravel  trains 
and  gravel  patches. 

Kames  are  developed  not  at  the  immediate  edge  of  the  drift 
as  is  perhaps  most  commonly  true,  but  are  found  some  dis- 
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tanee,  ten  to  fifteen  miles,  back  from  the  border.  Two  well 
marked  kames  are  known;  one  immediately  west  of  Crocker 
and  a  second  about  two  miles  south  of  High  Bridge,  or  imme- 
diately east  of  the  old  town  of  Kelsey  {Tp.  80  N.,  R.  XXVW., 
Sec.  31).  The  Kelsey  kame  stands  upon  a  'Irif  t  plain  which  is 
about  150  feet  above  the  river.  This  plain  is  fairly  smooth, 
and  is  dotted  with  swales,  some  of  which  contain  small  ponds, 
one  being  represented  in  figure  56.  Above  this  plain  the  kame 
raises  forty  feet.  It  forms  an  irregular  ridge  three-quarters 
of  a  mile  long  and  a  little  more  than  one-quarter  wide.     At 


its  southern  end,  and  partially  separated  from  it,  is  an  oval 
hill  which  d.oes  not  rise  quite  so  high.  The  upper  surfaqe  of 
the  kame  is  not  smooth,  but  is  somewhat  hummocky.  Its 
direction  is  not  linear  but  sinuous.  It  is  cut  off  rather 
abruptly  at  the  ends,  and  the  whole  ridge  forms  a  prominent 
landmark.  Its  general  appearance  from  the  west  is  shown  in 
figure  57.  In  composition  the  kame  is  made  up  of  Wisconsin 
material.  Large  bowlders  are  found  on  its  surface  and  pits  at 
three  points  show  that  to  a  depth  of  four  feet  at  least  it  is 
made  up  of  coarse  water-laid  gravels.  Stratification  is  rude 
only.  The  pieces  of  gravel  are  one-half  to  three-quarters  of 
an  inch  or  more  in  diameter. 
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The  Crocker  kame  stands  among  a  group  of  bills  which  have 
a  relief  somewhat  greater  than  is  usual  for  this  region.  In 
form  and  dimensions  it  is  very  similar  to  the  Kelsey  kame. 
Its  constitution  can  not  be  so  confidently  stated,  but  gravel  is 
found  over  portions  at  least  of  its  surface,  so  that  it  is  pre- 
sumed to  be  the  same  as  in  that  of  the  Kelsey  kame.  There 
are  other  gravel  accumulations  in  the  county,  particularly 
between  Crocker  and  Polk  City.  They  do  not,  however, 
assume  the  definite  form  associated  with  the  term  kame,  and 
are  perhaps  best  known  by  the  more  indefinite  term  of  gravel 
patches. 

The  origin  of  the  gravel  patches  and  kames  is  doubtless  to 
be  referred  to  water  which  arose  from  the  melting  at  the  ice 
during  its  retreat.  The  definite  form  of  the  kame*  is  per- 
haps best  accounted  for  by  the  influence  of  surrounding  ice. 
So  far  as  observed  the  one  found  in  Polk  county  oflfers  no  new 
data  upon  which  to  base  a  conception  of  the  details  of  the 
process  of  their  formation. 

One  of  the  most  obvious  phenomena  connected  with  the 
edge  of  an  ice  sheet  is  the  presence  of  trains  of  gravels  stretch- 
ing down  the  rivers  whose  headwaters  are  cut  off  by  the  ice. 
That  the  diverging  streams  which  depend  upon  the  glacier 
should  become  loaded  with  gravel  and  should  build  terraces 
of  that  material  stretching  away  from  the  ice  seems  in  every 
way  harmonious  with  the  modern  conception  of  an  ice  sheet 
and  .its  work.     This  is,   of  course,   possible  only  upon  the 
hypothesis  that  the  drainage  be  free  and  the  rivers  have  suf- 
ficient velocity  to  carr}'^  the  gravel  for  some  distance.     Free 
drainage  as  contrasted  with  a  clogged  drainage,  such  as  has 
been  suggested  to  have  been  prevalent  at  the  time  of  the 
maximum  extension  of  the  lowan  ice  sheet,  means  relative 
elevation;   and  the  following  of  one  by  the  other  may  be 
interpreted  to  mean  a  change  in  the  altitude  of  the  land. 

In  Polk  county  gravel  trains  are  found  along  the  stream- 
ways  which  lead  out  from  the  drift  border.     The  gravel  pits 

*  Obamberlln:    Third  Ann.  Rep.  U.  8.  Geol.  Burv.,  pp.  807,  306.    1B83. 
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of  East  Des  Moines  and  farther  down  the  river  at  Avon  are 
in  such  a  gravel  train.  Four  Mile  creek  shows  similar  phe- 
nomena. Camp  creek  and  Mud  creek  also  have  gravel  ter- 
races. In  the  counties  farther  west  the  Raccoon  river  bot- 
toms are  underlain  by  gravel.  The  gravel  in  all  three  cases 
is  firm,  hard  material  such  as  makes  up  the  pebbles  of  the 
Wisconsin.  Occasionally  bowlders  which  might  have  come 
from  the  Kansan  are  also  incorporated. 

The  gravel  terraces  are  not  conspicuous  features.  They 
are  frequently  covered  with  later  alluvium,  as  at  the  Avon 
gravel  pits,  or  rise  ten  to  twelve  feet  above  the  modern  bot- 
tom land,  as  at  the  newly  opened  pits  in  Highland  Park.  In 
this  particular  they  differ  from  the  gravel  trains  which  are  so 
characteristic  of  the  Wisconsin  drift  in  other  states.  In  Wis- 
consin* the  Green  Bay  glacier  filled  up  the  old  valley  of  Rock 
river  to  a  depth  of  350  feet  ( including  earlier  drift)  with  a 
deposit  of  finely  assorted  sand  and  gravel,  producing  a  level 
plain  three  to  five  miles  wide  and  extending  forty  miles  or 
more  southward  from  the  moraine. 

The  gravel  trains  in  Polk  county  are  found  not  only  out- 
side the  area  covered  by  the  Wisconsin  ice,  but  may  in  some 
instances  be  followed  up  the  streams  to  well  within  the  Wis- 
consin area.  The  gravel  trains  of  Camp  and  Mud  creeks  are 
abruptly  terminated  at  the  upper  end  by  the  Wisconsin  till. 
This  is  not,  however,  true  of  those  of  Four  Mile  creek  and 
the  Des  Moines  river.  The  pits  recently  opened  by  the  Chi- 
cago Great  Western '  railway  at  Berwick  are  about  six  miles 
within  the  limits  of  maximum  extension  of  the  ice.  The  Polk 
City  pits  are  fully  twice  as  far  from  the  drift  border,  and  the 
gravels  occur  along  the  Des  Moines  river  well  up  toward 
High  Bridge. 

Along  the  Delaware  river  a  somewhat  similar  series  of  phe- 
nomena occur.  The  explanation  for  them  has  been  very 
carefully  worked  out  by  Salisbury,  f    The  gravel  train  in  that 

*Ohamberllu:    Geol.  Wis.,  I,  284.    1868 

tAnn.  Bep.  BtateGeol.  N.  J.,  1892,  lM-tl2.    1893. 
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case  is  not  a  single  continuous  train,  but  is  rather  a  series  of 
individual  trains,  each  of  which  was  formed  successively  far- 
ther up  the  river,  and  each  corresponding  to  one  of  a  series 
of  moraines  of  recession.  Apparently  this  explanation  is 
equally  good  for  the  case  in  hand,  except  that  here  there  are 
no  moraines.  The  ice  retreat  seems  not  to  liave  been  by 
definite  stages,  but  continuous.  That  there  were  minor 
stages  in  the  retreat  is,  of  course,  altogether  probable,  and 
future  detailed  study  may  render  it  possible  to  discriminate 
them. 

Belonging  in  a  sense  with  the  gravel  trains,  and  yet  to  a 
certain  extent  differing  from  them,  are  the  beds  which  have 
been  represented  on  the*  map  as  stratified  drift.     They  do  not 
include  all  the  stratified  drift  found  in  the  county,  since  no 
attempt  has  been  made  to  discriminate  the  gravel  trains  from 
the  alluvium.     Only  those   bodies  of  stratified   drift   have 
been  represented  which  were  of  considerable  extent  and  sig- 
nificance.    These  are  confined  to  the  old  valley  formerly  occu- 
pied by  the  ancestor  of  the  upper  Des  Moines  river.      As  seen 
east  of  the  capitol,  this  drift  presents  the  characteristics 
common  to  outwash  plains.     It  is  sandy,  mixed  with  gravel, 
and  rises  a  little  above  the  present  bottom  land.     It  has  a 
slightly  hummocky  surface.     The  diversity  of  relief  incre^es 
to  the  north,  so  that  between  Saylorville  and  Oak  Park  sandy 
drift  hills  of  irregular  form  are  common.     In  that  portion  of 
the  valley  which  is  now  occupied  by  Beaver  creek,  the  drift 
becomes  more  and  more  the  normal  bowlder  clay,  so  that  a 
short  distance  west  of  the  county  line  the  distinction  between 
the  two  can  not  be  drawn.     In  general  it  may  be  said  that  the 
drift  of  this  valley  is  a  bowlder  clay  deposited  in  the  presence 
of  considerable  water.     The  anomalies  are  probably  a  result 
of  the  topography  existing  at  the  time  of  the  ice  retreat,  the 
beds  of  material  being  in  a  valley  120  to  160  feet  below  the 
upland.     Probably  stagnant  ice  may  account  for  some  of  the 
peculiarities. 
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ALLUVIUM  AND  TERRACES. 

The  extent  of  the  alluvium  is  indicated  upon  the  accompany- 
ing map  with  the  correction  that  the  terraces  have  not  there 
been  discriminated  from  it.  It  will  be  seen  that  alluvial  bot- 
tom lands  form  no  small  proportion  of  the  whole  area.  It  will 
also  be  seen  that  the  proportionate  alluvial  area  is  notably 
greater  in  the  southern  than  the  northern  portion  of  the 
county.  This  becomes  the  more  striking  if  the  valley  of  the 
Skunk  river,  which  is  exceptional,  be  left  out  of  account,  and 
the  comparison  would  be  more  striking  still  if  it  were  possible 
accurately  to  map  the  small  alluvial  bottom  lands  found  along 
the  minor  tributary  stream- ways  throughout  the  southern  divis- 
ion. This  distribution  of  the  alluvium  reinforces  the  argument 
derived  from  the  drainage  and  topography  for  the  relative 
youth  of  the  northern  portion  of  the  county. 

The  alluvium  forms  a  terrace  along  the  streams.  It  is  evi- 
dently a  terrace  of  aggradation  as  defined  by  Salisbury.* 
Above  it  at  many  points  along  the  upper  Des  Moines  river, 
for  example  opposite  the  Sixth  avenue  bridge,  near  the  Key- 
stone mines,  at  the  north  of  Beaver  creek,  directly  west  of 
Saylorville  and  near  the  mouth  of  Big  creek,  is  a  secofid  ter- 
race. This  is  made  up  of  sand,  gravel  and  gravelly  drift,  and 
seems  to  mark  the  stage  where  the  Polk  county  gravels  were 
laid  down.  It  is  essentially  a  gravel  train,  and  its  origin  has 
just  been  discussed. 

In  the  vicinity  of  High  Bridge  there  are  terraces  which  lie 
still  higher.  The  main  one  is  about  fifty  feet  below  the 
general  upland  surface  and  sixty-five  to  seventy  feet  above 
the  river.  It  is  about  300  feet  wide  and  slopes  back  to  the 
blufl's  to  such  a  degree  that  a  small  stream  has  located  itself 
along  the  back  of  the  terrace  which  is  now  in  places  six  feet 
lower  than  the  river  edge.  The  side  streams  have  cut  away 
sharp  gullies  in  this  terrace,  and  the  action  has  been  so  rapid 
that  the  divides  between  these  gullies,  even  when  less  than 
six  feet  wide,  remain  flat  topped.     The  material  of  the  terrace 

*ADn.  Rept.  State  Oeol.  N.  J.,  1882. 103, 104.    1886. 
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is  unstratifled  drift,  and  shows  no  trace  of  water  action  in  its 
deposition.  Twenty  to  twenty-five  feet  below  the  main  ter- 
race is  a  second,  which  is  narrower  and  quite  ill  defined.  These 
are  along  a  portion  of  the  valley  less  than  half  a  mile  wide. 
They  are  evidently  not  terraces  of  aggradation,  but  mark  rather 
definite  periods  in  the  down-cutting  of  the  stream,  and  hence 
correspond  to  the  type  discussed  by  Gilbert.* 

Along  the  Skunk  valley  near  Valeria  is  a  low  terrace  which 
belongs  to  the  second  class. 

ECONOMIC  PRODUCTS. 

Coal. 

Polk  county  is  one  of  the  largest  coal-producing  counties 
in  the  state.  In  1893  it  stood  second  to  Mahaska  alone,  but 
since  then  has  been  passed  by  Appanoose,  where  the  coal  lies 
nearer  the  surface  and  is  more  cheaply  mined.  The  most  pro- 
ductive portion  of  the  Iowa  coal  measures  consists  of  a  long 
strip  of  territory  running  south  from  Fort  Dodge  and  parallel 
to  the  Des  Moines  river.  Polk  county  is  about  midway  of 
this  productive  strip.  The  coal  mined  near  Des  Moines  is 
mainly  taken  from  seams  lying  at  some  depth,  so  that  the 
area  is  neither  so  cheaply  prospected  nor  is  the  coal  so  eco- 
nomically mined  as  in  the  counties  to  the  north  and  south. 
Despite  these  facts  mining  has  been  carried  on  here  since  the 
first  settlement  of  the  country,  and  the  coal  industry  is  now 
a  large  and  important  one.  At  the  time  Fort  Des  Moines  was 
occupied  as  a  military  post,  coal  was  obtained  from  the  sur- 
face vein  still  exposed  near  the  Center  street  dam.  For  a 
long  time  this  was  the  only  vein  worked,  though  it  was  opened 
up  at  a  number  of  points  both  north  and  south  of  the  river. 
Worthen,  t  as  a  result  of  observations  made  here  in  1856,  urged 
the  propriety  of  sinking  shafts  to  the  lower  seams  which  he 
indicated  as  present.  It  was  some  years,  however,  before 
this  was  done.     The  state  census  of  1856  records  four  miners 

-  ^^^ 

^ailbert:  Geol.  Henry  Mts.,  120, 127.    1880. 
tHall:    Geol.  Iowa,  1, 171.  Albany,  1858. 
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in  Polk  county.     In  1859  coal  to  the  value  of  $337  was  pro- 
duced.     In   1862,  35,468  bushels  were  mined.     In  1865  the 
amount  was  27,922  bushels,  and  in  1866  it  had  increased  to 
332,769  as  a  result  of  the  opening  of  shaft  mines.     In  1867 
the  Watson  Coal  Co.  sunk  a  shaft  at  the  foot  of  Capitol  Hill 
to  the  ''first  vein"  of  the  east  side,  and  for  a  long  time  this 
mine  supplied  the  railroads.     The  Hall,  Rawson,  Reese,  Dahl 
and  numerous  other  mines  in  the  meantime  furnished  coal 
from  the  surface  seam.     In  the  same  year  that  the  Watson 
mine  was  opened  the  Iowa  Central  shaft  was  put  down  on 
School  street  between  West  Fifth  and  Sixth.     Apparently 
this  shaft  went  only  to  the  upper  seam. 

In  1873  Mr.  Wesley  Redhead  resolved  to  open  up  the  lower 
seams  and  the  Des  Moines  Coal  Co.  was  organized  by  him  to 
sink  a  shaft  on  the  south  side  opposite  the  present  West 
Ninth  street  bridge.  The  shaft  went  down  150  feet  to  the 
"third  vein,"  the  "second  "  not  being  workable  at  that  point. 
This  mine,  which  was  afterwards  known  as  the  Pioneer,  was 
one  of  the  most  important  in  the  district  and  worked  out  a 
large  area,  as  is  indicated  on  the  sketch  map  (figure  47).  Its 
success  led  to  the  opening  of  a  number  of  mines  in  the  vicin- 
ity, among  which  were  the  Sypher  (1874),  later  known  as  the 
Polk  County,  the  Eclipse  (1873),  the  Pennsylvania,  the  Pleas- 
ant Hill  (1875)  and  the  Eureka  (1875).  About  the  same  time  or 
later  the  east  side  mines  began  to  be  opened  up  and  mining 
was  active  there,  particularly  in  the  eighties.  In  1893  the 
last  of  the  east  side  mines,  the  Garver,  was  closed  and  the 
field  deserted  until  the  present  season,  when  the  new  Eureka 
was  opened. 

In  the  earlier  days,  as  has  been  seen,  the  upper  vein  was 
quite  extensively  worked  north  and  west  of  town,  but  after- 
ward the  region  was  abandoned  until  1893,  when  the  newer 
group  of  mines  now  including  the  Keystone,  Flint,  Eagle, 
West  Riverside,  Bloomfield,  Oak  Park  and  Lake  Park  began 
to  be  opened  up.  West  of  the  city  the  Two  Rivers  and  other 
mines  at  one  time  took  out  coal,  but  the  region  has  been 
abandoned  for  some  years. 
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There  has  been  a  constant  change  in  the  center  of  minin 
activity,  but  it  has  been  a  change,  not  a  loss.     As  indi vidua 
leases  were  worked  out  the  mines  were  closed,  but  new^  one 
have  in  almost  every  case  been  opened.     In  addition,  ne^ 
capital  has  been  coming  in,  new  fields  have  been  opened  up 
and  in  some  cases  the  deeper  veins  in  abandoned  portions  o 
the  field  have  been  tapped.     As  a  whole  the  industry  has  beei 
constantly  growing.     There  have  been  periods  of  stagnation 
but  these  have  been  temporary,  and  for  some  time  to  come  then 
will  be  opportunity  for  profitable  mining,  though  the  returni 
are  not  now  so  large  as  in  earlier  years.     Here  as  elsewhere 
there  has  been  concentration  of  capital,  and  a  new  order  ol 
things  with  larger  dealings  and  a  narrower  margin  of  profit 
has  developed.     At  present  there  are  twenty-five  mines  in  the 
county  exclusive  of  the  small  drifts  worked  only  for  local 
trade  and  a  few  mines  engaged  in  taking  out  the  pillars  and 
neglected  blocks  of  coal  in  territory  already  worked  by  larger 
companies.     According  to  the  report  of  Mr.  M.  G.  Thomas, 
State  Mine  Inspector,*  there  were  in  1895  twenty- three  plants 
operating  on  a  <i;ommercial  scale.     These  plants  representeil 
a  capital  of  §430,000  and  paid  $329,190  in  wages  exclusive  of 
the  salaries  of  superintendents,  mine  foremen  and  other  offi- 
cials.    If  in  addition  to  the  capital  invested  in  the  plants  the 
value  of  the  lands  undergoing  development  were  to  be  reck- 
oned, the  total  would  me  much  larger.     The  output  for  181*5 
was  334,881  tons,  with  a  value  of  $458,707  at  the  mines.     The 
small  country  banks  were  not  taken  into  account  in  thesel 
figures  and,  while  the  amount  of  coal  mined  at  each  drift  is 
small,  the  price  paid  is  often  relatively  high,  so  that  the  valuQ 
of  the  total  output  as  given  is  low.     Within  the  last  year  the 
industry  has  expanded  quite  notably.     Old  mines  have  been 
reopened  for  closer  working,  and  many  of  the  established 
plants  have  increased  their  working  force.  \ 

A  large  amount  of  the  coal  mined  goes  on  the  home  market,, 
Very  little  coal  is  shipped  into  Des  Moines,  and  the  local 


*  Kept  State  Mine  Inspector,  1835,  p.  69 
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mines  have  a  large  trade  to  supply.  The  outside  trade  is 
growing,  large  quantities  of  coal  being  shipped  north  and 
^west  throughout  Iowa  and  adjoining  states.  The  exceptional 
railway  facilities  enjoyed  by  the  mines  of  the  city  gives  them 
a  great  advantage  in  competing  for  the  trade  of  the  north- 
ivest.  One  mine,  for  example,  by  means  of  two  switches  is 
able  to  ship  over  five  of  the  main  railway  systems  of  the  state 
^without  transfer  charges. 

The  coals  mined  are  bituminous  and  free-burning.  They  are 
not  usually  block  coals,  though  there  is  occasionally  a  ten- 
dency in  that  direction.  More  frequently  the  horizontal  lam- 
ination is  most  pronounced.  The  coals  are  quite  firm  and 
may,  in  most  cases,  be  blasted  from  the  solid.  They  make 
relatively  little  slack,  and  are  of  good  quality  for  general 
steaming  purposes.  The  percentages  of  ash  and  sulphur  are 
about  the  same  as  in  the  average  coals  of  the  state.  Even 
the  fine  coal  is  fairly  clean,  as  is  shown  by  the  fact  that  it  is 
the  main  boiler  fuel  throughout  the  city.  Coking  and  gas 
coals  have  not  been  found  to  any  extent.  Occasional  anal- 
yses of  picked  samples*  show  coal  suitable  for  these  pur- 
poses, but  so  far  nothing  of  the  kind  has  been  developed  on  a 
commercial  scale. 

The  following  analyses,  by  Prof.  G.  E.  Patrick,  show  the 
character  of  the  coal  as  put  on  the  market.  The  samples  were 
not  picked,  but  represent  rather  the  average  character  of  the 
coal.  The  percentage  of  ash  is  higher  here  than  in  much  of 
the  coal  even  in  the  same  mines,  and  yet  is  probably  fairly 
representative  of  the  coal  as  marketed.  At  present  the  coal 
is  nowhere  cleaned  except  by  screening.  It  is  probably  only 
a  question  of  time  until  regular  washing  works  will  be  erected 
in  this  direction.  By  their  aid  the  ash  can  be  almost  wholly 
removed  and  the  quality  of  the  output  proportionately 
increased.  This  will,  of  course,  make  it  possible  largely  to 
expand  the  trade,  since  the  cleaned  coal  is  fully  the  equal  in 
value  of  the  eastern  coals,  which  now  have  the  advantage  in 

*Dayi8:    Eng.  Min.  Jour.,  vol.  LIX,  No.  7,  pp.  149-190.    February  16, 1893. 
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much  of  the  territory  north  and  west  of  the  lo'wa  fields.  The 
difference  in  freight  rates  will  more  than  o^Tset  the  cost  of 
cleaning,  which  has  lately  been  very  much  reduced. 
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The  mining  equipments  are  usually  good.     With  tlie  excep- 
tions of  a  very  few  of  the  smaller  mines,  the  Merchant  and 

Fia.flB.   Shaft  honas RDd  tipplaof  OwbODdale No.!. 

Hulme  at  Commerce,  and  some  of  the  reopened  mines  of 
South  Des  Moines,  substantial  steam  hoists  are  used  through- 
out the  county.  In  most  of  the  mines  .mules  alone  are 
employed  for  underground  haulage,  but  at  the  old  Eureka  and 
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the  Christy  tail  rope  plants  have  been  installed.  Sliding 
screens  are  most  common,  but  there  are  a  few  mines  equipped 
-with  revolving  screens.  There  has  been  a  constant  improve- 
ment both  in  mining  methods  and  equipment.  The  Carbon- 
dale  mine  No.  2,  recently  opened,  is  one  of  the  most  sub- 
stantial and  well  arranged  plants  in  the  state.  It  is  repre- 
sented in  figure  58. 

This  plant  includes  well  built  and  well  arranged  top  works, 
with  revolving  screen, chain  conveyers,  storage  bins,  extensive 
trackage  and  other  features  of  a  complete  plant.  At  all  the 
mines  the  cheaper  types  of  boilers  are  used,  and  little  atten- 
tion is  paid  to  economy  in  steam  generation.  The  low  price 
of  fine  coal  which  is  used  for  fuel  compared  with  the  high  cost 
of  boilers  of  greater  efllciency,  together  with  the  notoriously 
rough  usage  which  machinery  of  any  kind  receives  in  coal 
mines,  allows  this  system  to  prevail. 

In  mining,  the  work  is  all  done  by  hand.  Shooting  from 
the  solid  prevails  throughout  the  district,  and  the  blast  holes 
are  drilled  by  means  of  the  common  hand  drill  with  auger  bit. 
Power  has  not  been  introduced  in  this  work.  At  the  Carbon- 
dale  mines  a  power  plant  was  recently  put  in.  It  includes 
both  coal-cutting  machines  ( Jefl^ery  pattern)  and  drills.  The 
machines  were  found  to  undercut  nicely,  but  the  blast  left  the 
coal  in  such  shape  that  it  was  diflBcult  to  get  it  out,  and  the 
work  has  been  discontinued. 

The  major  development  of  the  coal  industry  has  heretofore 
been  in  the  immediate  vicinity  of  Des  Moines,  and  here  as 
elsewhere  the  mines  have  been  located  along  the  streams. 
It  is  believed  that  much  of  the  remainder  of  the  county  will 
prove  as  rich  as  any  which  has  so  far  been  opened  up.  As 
has  been  shown  in  the  preceding  pages,  the  development  of 
the  streams  was  long  posterior  to  the  formation  of  the  coal, 
and  there  are  no  known  relationships  between  the  two.  The 
opinion  sometimes  entertained  that  productive  beds  are  to  be 
found  only  along  the  streams  has  no  foundation  except  in  the 
history  of  the  industry  where  the  coincidence  is  manifestly 
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the  result  of  cultural  factors.  It  is  being  constantly  nega- 
tived as  rapidly  as  prospecting  is  extended  over  the  uplands, 
and  the  latter  may  be  expected  to  prove  as  rich  as  the  valleys.* 
These  considerations  enforce  the  belief  that  the  industry  in 
Polk  county  is  in  its  infancy  only,  and  that  much  the  larger 
portion  of  the  coal  is  yet  untouched.  Of  a  total  of  375,200 
acres  within  the  county,  about  8,000  only  are  now  held  for 
development  by  mining  companies.  In  addition  2,200  acres 
have  been  more  or  less  completely  worked  over  so  far  as  the 
known  horizons  are  concerned.  Much  of  the  latter  territory 
will  not  be  reworked  unless  lower  horizons  should  be  located. 
A  considerable  portion,  however,  contains  enough  coal  to  be 
available  for  local  mines. 

In  all  less  than  six- tenths  of  one  per  cent  of  the  area  of  the 
county  has  been  worked  out,  even  in  the  sense  in  which  that 
term  is  used  here.  About  2. 13  per  cent  is  now  being  devel- 
oped;  97.27  per  cent  of  the  region  has  not  even  been  pros- 
pected. 

It  would  be  diflftcult  to  arrive  at  any  estimate  of  the  total 
amount  of  coal  mined.  Up  to  1881,  when  the  state  mine 
inspectors  were  appointed,  there  was  no  agency  for  collecting 
and  recording  the  statistics.  The  various  census  reports 
issued  by  the  state  give  notes  for  the  years  of  issue,  but  the 
intervening  years  are  blank.  In  the  following  table  the  data 
so  far  as  they  are  available  are  tabulated,  the  amount  being 
recorded  in  short  tons.  The  figures  for  the  years  1881-95 
are  from  the  reports  of  the  mine  inspectors.  Those  for  pre- 
vious years  are  taken  from  the  state  census  reports,  except 
for  1860.  The  amount  for  that  year  is  taken  from  the  eighth 
federal  census. 

1856. 600 

I860 1,868 

1862 1,418 

1865 1,116 

1866. 13,310 

*Slnc(^  the  above  was  written  the  extensive  prospecting  of  the  OonsoUdation  OoalOo. 
over  the  highlands  north  of  Des  Moines  has  shown  the  presence  of  good  coal  at  several 
points. 
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1889 27,706 

1874 ^ 69,327 

1881 473,893 

1882 327,819 

1883 558,821 

1884 619,921 

•  1836 462,895 

1886 337,964 

1887 - 305,094 

1888 386,321 

1889 356,039 

1890. 508,149 

1891. 397,833 

1892 371,389 

1893 466,408 

1894 355,000 

1895 334,881 

The  mine  inspectors  are  restricted  by  law  so  that  they  take 
account  only  of  mines  employing  more  than  four  men.  In 
1893  the  Geological  Survey  collected  statistics  of  production 
from  all  the  mines  in  the  county  and  obtained  a  total  of  693,  - 
103  tons.  The  year  was  notable  for  the  exceptional  output 
of  Iowa  mines,  so  ^at  the  ratio  can  not  perhaps  be  fairly 
applied  to  the  whole  period,  but  if  an  allowance  of  one-fifth  be 
made  for  the  small  mines  the  total  coal  mined  since  1881  would 
be  about  7,600,000  tons.  The  total  amount  mined  before  that 
time  may  be  less  accurately  estimated  at  2,300,000  tons.  In 
round  numbers  Polk  county  has  produced  10,000,000  tons  of 
coal.  As  has  already  been  indicated,  only  2,200  acres  have 
been  **  worked  out,"  aside  from  the  empty  rooms  in  the  mines 
now  working.  Since  in  mining  practice  about  3,200  tons  per 
acre  are,  in  this  region,  produced  from  a  four  foot  vein,  it 
may  be  estimated  that  about  3,000  acres  have  been  mined  out. 
Upon  this  basis  the  lands  now  prospected  and  under  lease 
should  yield  approximately  32,000,000  tons.  Whether  or  not 
the  un  prospected  97  per  cent  of  the  county  will  prove  equally 
productive  can  not,  of  course,  be  foretold,  but  if  it  should 
prove  very  much  less  rich,  Polk  county  would  still  have  enor- 
mous reserves  of  coal  within  its  borders. 

S9  O.  Rep. 
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The  mines  now  operated  are  included  in  the  following  list. 
Their  location  is  shown  upon  the  map  accompaiiTring  this 
report  as  well  as  in  the  small  sketches  introduced  in  the  text. 
Since  the  stratigraphy  of  the  coal  measures  and  the  distribu- 
tion and  character  of  the  coal  beds  has  already  been  given  it 
only  remains  to  note  here  the  position  and  relations  of  the 
mines,  together  with  a  few  details  regarding  the  ^workiDgs. 
The  mines  readily  group  themselves  around  eleven  localities. 
Bunnells. — There  are  two  mines  in  operation  at  this  point. 
The  larger  is  the  Acme,  which  is  a  shaft  mine  -with  steam 
hoisting  plant  and  a  switch  from  the  Wabash  railroad.     The 
coal  is  reached  at  a  depth  of  forty  feet  and  is  the  same  vein 
which  was  formerly  worked  by  a  slope  driven  in   from  the 
bluff.     The  coal  reached  by  the  slope  was  cut  by  a  preglacial 
erosion  channel.*     It  was  also  cut  oflF  at  the  north  by  sand- 
stone and  shale  which  was  drilled  into  to  a  depth  of  eighty 
feet  without  locating  coal.     The  territory  now  developed  is 
west  of  that  mined  by  the  slope  and  east  of  the  territory 
which  was  worked  out  by  the  Midland  mine,  abandoned  some 
time  since.     West  of  the  Midland  territqfy  and  north  of  town 

is  the  Star,  a  small  mine 
worked    for    local    trade. 
Still  farther  west,  at  the 
edge  of  the  town,  the  Skan- 
dia  mine  was  formerly  lo- 
cated.    About  forty  acres 
were  opened  up    by  this 
drift,  but    the   work  was 
abandoned  because  of  fire. 
Hdstie.  —  A    mine    was 
sunk  some  years  since  at 
this  point  by  Adams  and 
Hastie.     A  four  foot  vein 
of  coal  was  worked  at  a 
depth  of  100  feet.     Upon  attempting  to  mine  toward  the  south 

*  Keyes:    Iowa  Geol.  Sur^.,  [1, 288.    1894. 


Fig.  59.    Mines  near-Hastle. 
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water  was  encountered  and  the  mine  was  eventually  drowned 
out.  A  second  shaft  was  put  down  farther  east  by  J.  M. 
Christy  and  a  small  area  worked  out.  Near  this  point  Earle 
&  Prouty  have  a  tract  of  land  where  the  Iowa  Fuel  Co.  now 
operates  a  mine.  The  shaft  has  a  steam  equipment  and  a 
track  from  the  Wabash  railroad.  So  far  the  output  has  been 
mainly  used  by  the  Newman  Brothers'  brickyard,  which  is 
located  upon  the  same  land.  An.  upper  seam  of  coal  was 
worked  to  a  slight  extent  by  the  Woodlawn  Coal  Co. ,  but  the 
shaft  has  been  abandoned. 

Manbeck. — Opposite  Hastie  is  the  mine  of  the  Coal  Valley 
Coal  Co. ,  which  was  owned  formerly  by  the  Manbeck  and  Coon 
Valley  companies.  The  section  as  shown  by  mining  operations 
has  already  been  given.  The  coal  now  mined  is  reached  by 
both  shaft  and  slope.  The  upper  seam,  which  is  not  worked, 
is  reached  by  a  slope  driven  up  from  the  lower  vein.  This 
upper  vein  outcrops  along  the  railway  almost  to  Avon  and  has 
been  opened  up  by  local  drifts  at  several  points. 

CarbondaZe. — The  Carbondale  mines  form  a  group  Ijring  on 
the  north  side  of  the  Des 
Moines  river  near  Four  Mile 
creek.  They  include  the 
two  mines  of  the  Carbon- 
dale  Fuel  Co.,  the  Christy 
mine  and  the  two  mines  of 
the  Gibson  Coal  &l  Mining 
Co. 

Mine  number  1  of  the 
Carbondale  Fuel  Co.  was 
formerly  operated  by  the 


n 


Fio.  60.    Oarbondale  Fuel  uo. 


Iowa  Fuel  Co.     Number  2 
is  a  new  mine  opened  by 

the  company  immediately  after  its  recent  organization.  Both 
mines  are  well  equipped  steam  plants.  The  mines  have  con- 
nections with  the  Chicago,  Rock  Island  &  Pacific  railway  and 
the  Des  Moines  Union,  through  which  all  the  other  roads  in 
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the  city  are  reached.  The  company  has  a  large  tract  of  land 
under  lease  at  the  mines,  as  well  as  two  small  tracts  lying 
respectively  south  and  east  of  the  Earle  &  Prouty  land,  and 
a  large  tract  near  Adelphi  (Tp.  76  N.,  R.  XXIII  W.,  Sees.  13, 
24,  25.) 

The  Christy  mine  is  located  between  the  two  tracks  of  the 

Chicago,  Rock  Island  & 
Pacific  railway,  and  works 
a  large  tract  of  land  lying 
mainlj^  to  the  west  of  the 
mine.  It  is  a  will  equip- 
ped plant  with  a  tail  rope 
for  underground  haulage 
and  a  revolving  screen  for 
cleaning  the  coal. 

The  Gibson  No.  2  is  a 
new  mine  located  a  quar- 
ter of  a  mile  north  of  the 
Christy.  It  is  also  located 
between  the  two  railway 
tracks.  The  land  controlled  by  the  Gibson  company  lies  north 
and  west  of  the  shaft.  In  sinking  the  latter  considerable 
trouble  was  experienced  with  a  bed  of  quick  sand.  The  sec- 
tion encountered  showed  the  following  beds. 

FBIT 

6.  Drift 12 

5.  Sand 40 

4.  Blue  clay ..-. 4 

3.  White  pebble  clay 5 

2.  Black  shale 22 

1.  Coal 4 

This  differs  in  the  upper  portion  very  considerably  from  the 
record  of  a  bore  hole  about  100  feet  from  the  shaft.  Since 
the  mine  is  in  the  valley  of  Four  Mile  creek  the  explanation 
is  found  in  the  preglacial  age  of  that  stream. 

yort/ieast  Des  Moines. — About  three  miles  northwest  of  the 
Gibson  No.  1,  and  likewise  located  upon  the  west  flank  of  Four 


Fig.  61.    Olbson  and  Ohrlsty  tracts. 
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Mile  Ridge,  are  two  mines,  the  Maple  Grove  and  the  Western. 

The  Maple  Grove  is  105  feet  deep,  with  coal  three  to  four  feet 

in  thickness.     The  mine  has  a  switch  from  the  Chicago  Great 

Western,  but  sells  a  large  portion  of  its 

output  on  the  local  market.     South  of 

the  Maple  Grove  was  the  Union,  which 

worked  out  a  tract  of  eighty  acres  and 

was  abandoned.     North  of  the  Maple 

Grove  is  the  new  mine  of  the  Western 

Coal  Co.,  which  has  been  opened  up. 

A  considerable  tract  of  land  has  been 

prospected  and  leased,  and  substantial 

top  works  erected.      Coal  is  shipped 

over  the  Chicago  Great  Western. 
Ihst  Des  Moines. — The  only  mine  now 

operated  in  this  famous  mining  district  is  the  Eureka  No.  2, 

which  was  opened  in  the  fall  of  1896.     It  is  operated  by  the 

same  company  which  owned  the  Eureka  No.  1  on  the  south 
.  side  of  the  river,  and  the  mining  equip- 

Edst  Des  Moines  mcut  is  the  same.     The  company  has  a 

switch  from  the  Chicago  &  North- West- 
em  railway.  The  strata  found  in  sink- 
ing the  shaft  agree  closely  with  those 
already  given  as  found  at  the  Giant 
mine.  The  thickness  of  the  three  veins 
as  found  here  has  already  been  given. 
The  lowest  vein  is  covered  by  twenty- 
five  to  thirty-four  feet  of  back  shale, 
so  that  the  company  anticipates  no 
trouble  from  water.  The  company  has 
160  acres  leased  (Tp.  79,  R.  XXIII  W., 
Sec.  36,  Nw.  qr.)  of  which  a  small  por- 
tion only  has  been  previously  worked 
out  by  the  Diamond  mine.  North  of 
this  lease  (Sec.  25,  Se.  of  Sw.)  is  the 
land  mined  over  by  the  Miller  mine.     East  of  the  Eureka  (Sec. 


Fio.  68.    East  Des  Uoices 
mines. 
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36,  Ne.  qr. )  is  the  old  Atlas  property,  a  very  considerable  por- 
tion of  which  was  not  mined  because  of  trouble  with  water. 
South  of  the  Atlas  was  the  Standard  (Sec.  36,  N.  i  Se.  qr.), 
and  still  farther  south  were  the  Giant  mines  (Sec.  36,  Sw.  of 
Se. ;  Tp.  78  N.,  R.  XXIV  W.,  Sec.  2,  E.  i  of  Ne.  qr.).  Directly 
south  of  the  Eureka  (Sec.  36,  Ne.  of  Sw.)  the  Garver  mine  was 
located. 

Say  lor. — On  the  north  side  of  the  old  valley  previously 
described,  the  Des  Moines  Coal  Co.  have  a  mine  near  Saylor 
postoflBce.  The  sjiaft  record  has  been  already  given.  The 
mine  is  connnected  with  the  Chicago  &  North- Western  rail- 
way. The  lease  includes  240  acres.  The  only  other  mining 
carried  on  in  this  vicinity  was  on  the  county  farm.  Over  a 
portion  of  this  land  the  upper  seam  shown  at  the  Des  Moines 
mine  was  worked  out  some  time  since. 

Polk  City. — But  one  mine  has  been  open  at  Polk  City. 
That  is  now  owned  by  the  White  Ash  Fuel  Co.  The  shaft  has 
steam  equipment.  So  far  local  trade  only  has  been  supplied, 
but  a  switch  from  the  Chicago  &  North-Western  railway  is  to 
be  built  at  once. 

North  Den  Moijies. — Along  the  Des  Moines  river  from  Sixth 
avenue  to  Beaver  creek  mining  is  being  carried  on  quite  vig- 

orouslv.  On  the  north  side  of 
the  river  are  the  Oak  Park,  Flint 

#  

Valley  and  Lake  Forest  mines, 
of  which  the  last  two  ship  coal 
over  the  tracks  of  the  Street 
Railway  Co.  On  the  south  side 
of  the  river  are  the  Bloomfield, 
Eagle,  Keystone  1  and  2,  and 
West  Riverside  mines.  All  of 
these  mines  are  shafts,  with 
steam  hoisting  plants,  and  all 
depend  almost  wholly  upon  the 
city  trade.     The   Flint  Valley 

PiQ.  64.    North  Des  Moines  mines.  f  UmishcS  COal  to  the  brfckworks 
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of  the  same  company,  while  the  Keystone  mine  and  the  Iowa 
Brick  Co.  use  the  same  territory. 

South  Des  Moines. — At  present  there  are  but  four  mines  in 
South  Des  Moines  which  are  opening  new  territory.  These 
are  the  Clifton,  Proctor  and  the  two  mines  of  the  Van  Ginkle 
Coal  Co.  All  are  shafts  operated  by  steam  power.  In  addi- 
tion, coal  is  being  taken  out  from  the  second  horizon  on  the 
land  formerly  worked  by  the  Polk  County  and  Des  Moines 
mines  by  small  gin  shafts.  The  Riley  mine,  a  small  gin  shaft, 
is  located  near  the  Des  Moines. 

The  Scott  mine  is  a  small  drift  worked  in  the  first  vein  upon 
the  territory  of  the  Pennsylvania.  All  this  territory  is,  how- 
ever, in  the  main,  worked  out,  and  the  mines  now  operating 
obtain  coal  from  areas  neglected  by  the  older  mines.  The 
Van  Ginkle  mines,  one  of  which  is  now  known  as  the  Pleasant 
Valley  mine,  have  a  switch  from  the  Chicago,  Rock  Island  & 
Pacific  railway.  (See  figure  47. )  The  Clifton  and  Proctor  mines 
have  no  railway  connection.  The  Clifton  mine  is  located  on 
Clifton  avenue,  at  the  top  of  the  hill  leading  up  from  the  Rac- 
coon. South  of  it  a  half  mile  is  the  Proctor.  Between  the 
two  is  a  small  strip  of  territory  worked  out  by  the  Bloomfield. 
Between  the  Proctor  and  the  Bloomfield  is  a  ''fault"  towards 
which  the  coal  rises  and  thins.  It  has  been  worked  into  200 
feet  without  being  crossed.  The  Bloomfield  lease  lay  east  of 
the  Clifton  and  Proctor.  Beyond  it  was  the  half  section  con- 
trolled by  the  Eureka.  East  of  the  Eureka  lease  is  the  Van 
Ginkle  land.  Next  to  it  is  a  strip  worked  out  in  part  by  the 
Polk  County,  and  in  part  by  the  Des  Moines  mine.  Beyond 
the  latter  was  the  Eclipse  lease,  and  in  part  south  and  in  part 
east  of  the  Pennsylvania.  The  Pioneer  land  lay  north  of  the 
Bloomfield  and  Clifton,  and  in  part  west  of  the  Eureka.  It 
eictended  north  beyond  the  river.  West  of  it  was  the  Coon 
Valley,  and  near  the  latter  a  small  area  was  worked  out  by  the 
Great  Western  Coal  Co. 

Commerce. — There  are  two  mines  in  operation  at  Commerce, 
both  of  which  are  gin  shafts,  and  both  of  which  sell  only  to 
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the  local  trade.  The  Merchants  mine  has  a  lease  of  forty 
acres  at  the  western  edge  of  town  north  of  the  ri  ver.  The 
Hulme  mine  is  just  east  of  town.  The  land  owned  here  by 
Dr.  Hulme  includes  240  acres,  part  of  which  is  south  of  the 
river.     It  has  been  prospected  and  shown  to  contain  coal. 

In  connection  with  the  sketches  showing  the  location  of  the 
mines  plate  ix  may  be  studied.     Upon  this  plate  the  coal  beds 
shown  at  the  principal  exposures,  or  found  in  mines  or  borings, 
are  represented.     The  details  of  the  sections  have    been  in 
most  cases  given  in  the  descriptive  portion  of  this  work.     The 
correlations,  so  far  as  they  can  be  made,  are  indicated  by  the 
dotted  lines.     Where  they  are  not  indicated  the  probable  cor- 
relations may  be  inferred  from  the  relations  of  the  coal  to  the 
river  level.     The  basis  of  the  correlations  has  been  already 
discussed.     The  plate  shows  graphically  much  of  the  evidence 
upon  which  they  are  based,  as  well  as  the  difficulties  which 
are  encountered  in  any  attempt  at  detailed  correlations.     It 
will  be  noted  that  the  coal  beds  of  the  southeastern  portion  of 
the  county  form  one  group;  those  of  South  Des  Moines  form 
a  second;  the  East  Des  Moines,  and  along  the  river  to  the 
Beaver,  are  readily  correlated,  and  the  sections  near  Millman 
fit  together;  but  between  these  separate  groups  correlation  is 
less  easy,   and  for  reasons    already    given,   has    not    been 
attempted.     The  great  irregularity  in  the  surface  of  the  Saint 
Louis  is  brought  out,  as  is  also  the  irregularity  of  the  present 
topography.     The  thickness  of  the  coal  beds  is  necessarily 
exaggerated.     Their  distribution  and  vertical  relations  are 
better  indicated. 

Clays. 

Des  Moines  is  rapidly  becoming  known  as  one  of  the  great 
centers  for  the  manufacture  of  clay  goods.  It  already  manu- 
factures more  paving  brick  than  any  point  west  of  the  Missis- 
sippi, and  the  whole  clay  industry  of  the  county  is  yet  in  its 
infancy.  Polk  county  contains  vast  quantities  of  material 
suitable  for  manufacture  into  all  grades  of  clay  goods,  and 
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while  at  present  the  output  is  limited,  it  may  be  expected  to 
expand  with  increasing  demand. 

Both  the  coal  measures  and  the  Pleistocene  beds  yield  mate- 
rial suitable  for  manufacture.  The  loess  is  at  present  used 
mainly  for  the  common  grades  of  brick,  but  it  is  so  abundant, 
so  easily  worked,  and  is  capable  of  yielding  such  excellent 
results,  that  it  may  be  expected  to  be  brought  more  and  more 
into  requisition.  The  alluvium  is  quite  generously  developed 
along  the  streams,  particularly  of  the  southern  portion  of  the 
county,  as  is  shown  upon  the  accompanying  map.  While  it  is 
in  places  quite  thin,  and  forms  merely  a  sheet  over  under- 
lying gravel  or  till,  the  aggregate  amount  present  is  enormous, 
and  at  any  given  point  is  far  in  excess  of  any  probable 
demand. 

Alluvium  is  one  of  the  most  easily  manipulated  of  clays. 
It  usually  occurs  with  about  the  proper  proportions  or  silica 
and  other  ingredients,  so  as  to  require  no  mixing  with  other 
material.  It  is  spread  over  flat  land,  and  hence  is  readily 
accessible.  It  is  easily  dug  and  requires  no  crushing.  It  will 
stand,  in  most  instances,  sun  drying,  and  is  most  commonly 
burned  in  simple  cased  kilns.  By  the  hand  process,  when 
properly  carried  out,  it  yields  an  excellent  brick  of  fair 
strength,  good  color  and  low  cost.  The  sand-rolled  brick 
made  from  alluvium  are  not  so  beautiful  as  more  expensive 
brick,  but  they  are  equally  well  adapted  to  inside  work  and 
all  classes  of  construction  when  fair  strength  and  low  cost  are 
the  main  considerations.  There  must  always  be  a  good  demand 
for  such  brick,  and  Poik  county  is  well  supplied  with  material 
for  all  such  local  and  probable  foreign  demand. 

The  second  class  of  Pleistocene  material  available  is  the 
loess,  whose  properties  and  distribution  have  already  been 
discussed.  The  loess  occurring  near  Des  Moines  is  mainly  of 
the  type  which  for  want  of  a  better  name  is  known  as  typical 
loess,  to  distinguish  it  from  the  phase  called  white  clay.  It 
is  highly  silicious,  contains  considerable  lime,  and  allows  a 
freer  circulation  of  water  than  the  white  clay.     The  loess 
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A  most  important  factor  in  the  life  of  a  pavement  is  the 
character  of  the  roadway  upon  which  it  is  laid.  It  should  be 
well  drained  and  well  packed.  In  Des  Moines  the  brick  are 
laid  in  either  single  or  double  course.  The  singfle  course  brick 
rest  upon  a  concrete  (six  inch)  or  macadam  (five  inch)  founda- 
tion, with  the  brick  set  on  edge  with  their  longer  diameters 
across  the  street.  Between  the  brick  and  the  concrete  is  a 
two-inch  cushion  of  clear  sand.  When  the  brick  have  been 
set  in  place  fine  gravel  and  coarse  sand  are  brushed  over  the 
surface,  so  as  to  fill  the  interstices,  and  hot  pitch  is  run  into 
the  seams.  A  top  surface  of  fine  sand  is  spread  over  the  pave- 
ment and  allowed  to  remain  for  a  few  days,  after  which  it  is 
brushed  oflF.  Double  course  pavement  is  not  ordinarily  laid 
on  concrete.  The  ground  is  prepared  by  grading*  and  rolling, 
and  a  course  of  hard  burned  brick  laid  over  sand.  Above  this 
is  a  second  sand  cushion,  on  which  the  paving  brick  are  laid, 
as  in  single  course  work. 

One  course  paving  requires  sixty-six  brick  and  costs  with 
concrete  accordinec  to  recent  contracts,  $1.35  to  $1.68  per 
yard.  Two  course  paving  requires  105  brick  and  has  been 
costing,  with  concrete,  about  §1.25  to  SI. 50  per  yard.  It  is 
impossible  to  compare  these  figures  with  the  cost  of  otier 
work,  since  nothing  but  brick  has  been  laid  in  Des  Moines  m 
recent  years.  At  Minneapolis  recent  bids  were  $1.85  for  one- 
course  brick  and  S2.51  for  asphalt. 

For  very  heavy  traffic  streets  the  foundation  should  be 
strengthened.  The  Michigan  avenue  work  in  Chicago  con- 
sists of  one  course  brick  over  sixteen  to  eighteen  inches  of 
crushed  stone  and  concrete.  For  such  streets  only  the  best 
brick  should  be  used.  While  clays  capable  of  being  manufac- 
tured into  average  paving  brick  suitable  for  residence  streets 
and  smaller  cities  are  not  rare,  clays  which  yield  the  higher 
grade  of  pavers  are  not  so  common.  For  heavy  traflfic  streets 
or  steep  grades  onlj^  the  finest  quality  of  material  should  be 
used.  Even  such  material  will  probablj'  not  be  so  long  lived 
as  well  selected  granite  blocks,  but  the  first  cost  is  very  much 
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and  drain  tile,  and  common  pottery,  and  have  been  proven  by 
careful  experiment  to  be  well  adapted  to  the  manufacture  of 
certain  classes  of  terra  cotta  and  pottery.  The  differences 
in  appearance  and  texture  of  these  clays  have  been  noted  in 
the  sections  given  on  preceding  pages.  Their  wide  distribu- 
tion may  be  inferred  from  the  same  data.  Certain  minute 
differences  and  adaptabilities  as  at  present  known  are  noted 
in  the  sections  which  follow.  The  coal  measures  are  used 
largely  in  the  manufacture  of  pavers  and  various  grades  of 
building  brick. 

Of  pottery  only  the  coarser  grades  are  now  made.  There 
are  no  kaolin  deposits  in  the  region,  so  that  if  the  finest  wares 
be  attempted  kaolin  must  be  imported  and  mixed  with  the 
local  clay,  which  may  be  used  as  a  base.  Since,  however, 
this  is  advantageously  done  at  other  points,  it  is  to  be 
expected  that  in  time  the  local  demand  at  least  will  be  sup- 
plied by  the  home  product.  An  excellent  grade  of  kaolin 
has  been  for  some  years  supplied  from  southeastern  Mis- 
souri to  Ohio,  where  it  is  used  in  connection  with  coal  meas- 
ure clays  in  the  manufacture  of  medium  and  fine  pottery. 
There  seems  to  be  no  good  reason  why  a  pottery  industry 
similar  to  that  of  Ohio  should  not  be  built  up  in  Iowa.  The 
coal  measures  of  this  state  contain  beds  of  clay  well  adapted 
to  this  use  and  the  Missouri  kaolin  deposits  are  nearer  Iowa 
than  Ohio. 

In  this  connection  it  is  of  interest  to  note  that  the  Carbon- 
dale  Fuel  Co.,  as  a  result  of  experiments  made  both  in 
this  country  and  in  Scotland  upon  clays  found  upon  their 
lands,  have  shown  that  their  clays  are  not  only  suitable  for 
the  paving  and  various  colored  building  brick  already  manu- 
factured within  the  state,  but  are  adapted  for  enameled  brick 
and  probably  for  ware  of  finer  grades.  It  is  expected  that 
plants  will  be  erected  for  manufacturing  these  various  lines 
of  ware. 

One  very  important  use  for  clays  of  the  grade  found  here 
is  the  manufacture  of  sewer  pipe  and  chimney^  tops.    At  pres- 
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ent  there  is  but  one  plant  in  operation,  but  the  business  is 
one  which  may  be  expected  to  expand. 

In  general,  it  may  be  said  of  the  clay  industry  of  Polk  county, 
that  there  is  room  for  great  expansion*  With  inexhaustible 
quantities  of  clay  of  such  widely  varied  adaptabilities,  with 
coal  at  hand,  and  with  exceptional  transportation  facilities, 
the  region  must  become  famous  for  its  clay  products.  There 
will  always  be  a  considerable  local  demand  to  be  met,  and  so 
long  as  clay  goods  are  shipped  into  the  state  there  will  be 
trade  to  be  won  by  local  companies. 

The  methods  adopted  in  working  the  clays  vary  with  the 
material,  the  object  to  be  attained,  and  the  individual  prefer- 
ence of  the  operator.  They  are  brought  out  in  the  descrip- 
tions of  the  individual  plants. 

PAVING  BRICK. 

Among  the  most  important  industries  of  Des  Moines  is  the 
manufacture  of  paving  brick.  This  industry  is  of  recent 
establishment,  and  its  rapid  development  is  very  gratifying. 
Paving  brick  have  been  used  in  Holland  for  more  than  a  hun- 
dred years,  but  the  use  of  brick  for  street  paving  in  the  United 
States  is  quite  recent.  In  1870  an  experimental  block  was 
laid  in  Charleston,  W.  Va.,  and  in  1873  several  blocks  were 
laid  in  the  same  city.  These  brick  are  still  in  good  con- 
dition in  spite  of  having  been  laid  upon  a  board  foundation 
and  of  being  of  inferior  quality,  as  judged  by  present  stand- 
ards. At  Bloomington,  111.,  several  blocks  were  laid  in  1875, 
and  have  stood  twenty  years  of  service.  These  were  merely 
bard  burned  building  brick,  and  much  inferior  to  the  modern 
pavers.  It  was  not  until  1890  that  the  paving  industry 
showed  any  notable  tendency  to  expand,  but  since  then  its 
development  has  been  very  rapid.  Brick  paving  is  being  grad- 
ually introduced  into  the  larger  cities.  Saint  Joseph  began 
to  use  it  in  1888,  Kansas  City  adopted  brick  paving  in  1889* 
and  Saint  Louis  in  1895.  Paving  brick  are  now  being  used  for 
residence  streets  in  Philadelphia,  and  more  recently  brick 
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have  been  laid  in  Minneapolis,  Omaha  and  several  other  cities. 
In  Chicago  a  few  residence  streets  are  paved  with  brick,  and 
experimental  blocks  have  been  put  down  by  the  Purington 
Brick  Co.  on  Michigan  avenue  and  the  Des  Moines  Brick  Co. 
on  La  Salle  street. 

In  Des  Moines  the  first  brick  was  laid  in  1889.  They  came 
from  Saint  Joseph,  and  were  laid  on  Forest  avenue.  The  first 
pavers  made  here  were  turned  out  in  1891  by  the  Des  Moines 
Brick  Co. ,  and  were  used  with  outside  brick.  The  first  brick 
paving  done  exclusively  with  Des  Moines  brick  was  in  1892, 
when  East  Grand  avenue  to  the  fair  grounds  was  paved  with 
brick  furnished  by  the  Des  Moines  Brick  Co.  To  this  com- 
pany is  largely  due  the  credit  for  demonstrating  that  the 
shales  found  here  could  be  made  into  pavers  second  to  none. 
Since  the  first  success  the  industry  has  rapidly  expanded  until 
now  four  large  paving  brick  plants  are  in  operation,  and  oth- 
ers are  contemplated.  The  brick  is  used  at  home  so  exten- 
sively that  Des  Moines  is  becoming  known  as  the  city  of  brick- 
paved  streets,  and  is  gaining  an  enviable  reputation  for  its  fine 
driving  and  haulage  ways. 

Brick  paving  has  of  recent  years  become  rapidly  popular. 
It  has,  as  compared  with  other  forms  of  paving,  many  impor- 
tant  advantages,  among  which  may  be  mentioned  the  fact 
that  it  is  clean,  nearly  noiseless,  healthful,  smooth,  durable 
and  cheap.  When  properly  laid  it  has  always  exceeded 
expectations.  A  not  unimportant  advantage  of  brick  paving 
is  the  fact  that  it  allows  the  cleaning  of  the  streets  by  fiush- 
ing,  particularly  if  the  sewers  be  made  of  the  same  brick,  and 
so  are  not  affected  by  the  wearing  action  of  the  muddy  water. 
Brick  paving  is  easily  and  cheaply  repaired,  and  like  granite 
blocks,  is  easily  torn  up  for  the  purpose  of  laying  or  repairing 
tracks,  pipes,  conduits,  etc.  It  is  less  noisy  than  granite,  and 
since  it  forms  a  more  even  surface,  is  cleaner.  It  is  not  slip- 
pery like  asphalt,  and  is  much  more  durable  as  well  as 
more  healthful  than  the  wooden  blocks. 
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less,  and  the  difference  in  noise  and  resistance  to  traction  offsets 
tlie  shorter  life  of  the  pavement.  In  the  latter  particulars 
brick  is  only  exceded  by  asphalt  which,  however,  can  not  be 
used  on  grades  of  over  five  per  cent,  can  not  be  flushed,  and  is 
expensive  both  to  lay  and  to  keep  in  repair.  The  only  cheaper 
pavements  are  the  Macadam  and  Telford,  which  require  con- 
stant care  and  repairs. 

The  durability  of  brick  paving  has  not  yet  been  determined. 
No  first  class  pavers  have  yet  been  worn  out  and  some  of 
inferior  quality  have  stood  hard  service  for  more  than  twenty 
yeasTS.     From  the  evidence  of  the  last  ten  years  it  seems  prob- 
able that  well  made  and  well  laid  brick  are  only  surpassed  in 
durability  by  granite  blocks.     The  popularity  of  brick  paving 
in  Iowa  and  the  central  west  is  established  by  the  fact  that 
Des  Moines  brick  are  now  in  use  in  Chicago,  Minneapolis, 
Saint  Paul,  Omaha,  Council  Bluffs,  Dubuque,  Cedar  Rapids, 
Waterloo,  Marshalltown,  Davenport,  Muscatine,  Keokuk,  Iowa 
City,   Waverly,  Adel  and  other  cities.      In  1896  18,000,000 
pavers  were  sold,  and  for  1897  the  home  orders  alone  call  for 
about  7,000,000. 

The  paving  brick  industry  is  so  new  that  its  technology  is 
still  in  the  process  of  development.  It  is  only  within  the  last 
few  months  that  even  a  uniform  series  of  tests  has  been 
formulated,  and  improvements  in  the  process  of  manufacture 
and  burning  are  constantly  being  introduced.  The  reported 
failures  of  brick  in  some  of  the  early  experiments  are  now 
known  to  have  been  as  often  the  result  of  improper  selection 
and  lack  of  familiarity  with  the  proper  methods  of  laying 
brick,  as  of  the  poor  quality  of  the  brick  •  itself.  The  quality 
is,  however,  being  constantly  raised  as  the  requirements  are 
better  understood  and  the  properties  of  the  clays  are  more 
studied. 

The  most  valuable  treatise  on  the  manufacture  of  paving 
brick  is  that  recently  issued  by  the  Missouri  Geological  Sur- 
vey* and  written  by  Prof.   H.   A.   Wheeler;  of  Washington 

*Mo.  Geol.  Sury.,  vol.  XI,  82S  pp.,  38  pis.    Jefferson  Olty,  1897. 
30  G.  Bep. 
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University.  The  report  covers  all  of  the  clay  industries  of 
the  state,  and  from  the  chapter  on  paving  brick  clays  much 
of  the  following  is  condensed.  According*  to  Professor 
Wheeler  a  vitrified  brick  is  one  that  is  burned  so  hard  as  to 
be  almost  non-porous.  It  should  have  a  close,  dense,  com- 
pact structure,  a  very  high  degree  of  hardness,  and  the  indi- 
vidual particles  of  the  clay  should  be  no  longer  visible,  even 
with  a  lens.  In  Des  Moines  practice  brick  are  accepted  for 
street  use  if  upon  a  chipped  surface  it  does  not  show  individ- 
ual grains.  Since  all  such  tests  are  matters  of  degree,  and 
since  the  quality  of  the  brick  has  been  amply  attested  both 
by  use  and  experiment,  this  seems  to  be  a  safe  test. 

If  the  brick  are  cooled  slowly  they  will  have  a  crushing 
strength  that  exceeds  granite  and  a  toughness  nearly  as  great. 
In  these  particulars  they  are  sharply  differentiated  from  build- 
ing and  fire  brick.     If  they  are  burned  so  hard  as  to  be  com- 
pletely vitrified  they  are  glassy  and  are  not  so  tough.    The 
lower  heat  only  slightly  vitrifies  the  material  and  produces  a 
brick  with  stony  fracture.     It  is  this  "  incipiently  vitrified 
brick  which  is  desired.    The  materials  used  for  paving  brick 
are  shales  and  impure  fire  clays.     The  primary  requisite  is 
ready  fusibility  which  is  induced  by  what  are  called  the  flux- 
ing impurities,  iron,  soda,  potash,  lime  and  magnesia.     The 
greater  the  amount  of  the  first  of  these  constituents  the  easier 
it  is  to  fuse  the  material.     The  Des  Moines  clays  carry  from 
2.05  per  cent  to  13.12  per  cent  of  this  material,  and  the  per- 
centage of  total  fluxes  varies  from  2.88  to  17.60,  the  majority 
falling  between  6  and   10  per  cent.     The  extremes  are  of 
course  only  used  in  combination.     The  clays  as  mixed  and 
put  into  the  pug-mill  carry  according  to  one  series  of  deter- 
minations 7.48,  6.13,  10.52  and  5.53  per  cent  of  fluxes.    The 
higher  percentage  of  fluxes  has  the  advantage  of  causing  vit- 
rification to  set  in  at  relatively  low  temperatures  and  henee 
allows  fuel  eoonomy.     Too  high  a  percentage,  however,  causes 
too  ready  a  fusing,  and    yields    glassy  brick  which  fail  in 
toughness. 
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The  toughness  of  brick  seems  to  depend  largely  upon  the 
physical  properties  of  the  clay,  including  particularly  the  fine- 
ness of  grain  and  the  density.  It  is  also  influenced  very 
largely  by  the  manipulation  of  the  clay  and  the  manner  of 
the  burning. 

The  chemical  composition  of  the  shales  used  for  paving 
brick  shows  the  widest  variation.  This  is  illustrated  in  the 
analysis  of  the  Des  Moines  shales,  and  in  the  following  table 
given  by  Wheeler,  and  based  upon  fifty  carefully  selected 
analyses. 


Silica  (Si  O,)  .. 

Alumina  (Al,  O,) 

Ignition  loss  (H,  O,  S,  COj) 
Moisture  (H,  O) 


Total  non-fluxing  constituents 


Iron  sesquioxide  (Fe,  Og) 

Lime  (CaO) 

Magnesia  (Mg  O) 

Alkalies  (Na,0,  K,0)... 


a 


is 


Total  fluxing  constituents 
Grand  total 


2.0 
0.2 
0.1 
1.0 


B 

08  O 


49.0 

75.0 

11.0 

25.0 

3.0 

13.0 

0.6 

3.0 

9.0 
3.5 
3.0 
5.5 


a 


bo  . 

Li   a 

>  o 

< 


08 

o 


CO 

> 

08 


56.0 

22.5 

7.0 

1.5 


6.7 
1.2 
1.4 
3.7 


87.0 


13.0 


100.0 


As  a  matter  of  fact  the  majority  of  clays  used  approximate 
quite  closely  to  the  average  given.  The  wide  range  in  com- 
position is  possible  because  of  a  compensating  range  in  the 
manner  of  combination  of  the  fiuxing  constituents  and  in  the 
specific  gravity  and  fineness  of  grain. 

The  requisite  physical  properties  are  summarized  by 
Wheeler  as  follows. 

(1)  The  clay  should  have  sufficient  plasticity  to  allow  it  to 
be  readily  moulded.  If  it  is  so  lean  as  not  to  admit  of  being 
worked  into  a  continuous  bar  by  an  auger  machine  it  cannot 
compete  in  cost  and  quality  with  the  clays  that  can  be  so 
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worked  unless  a  fat  or  bond  clay  is  mixed  -with  it.  The  air 
dried  clay  should  have  a  tensile  strength  of  about  100  to  150 
pounds  per  square  inch.  If  it  is  too  fat,  or  the  tensile 
strength  be  above  200  pounds,  the  clay  is  apt  to  laminate  in 
moulding  and  check  in  drying.  The  checking  can  be  pre- 
vented by  mixing  in  lean  clay,  grog  or  sand,  but  the  resulting 
brick  are  never  so  strong,  and  there  is  danger  of  lack  of  uni- 
formity in  the  brick  as  a  result  of  imperfect  mixing. 

(2)  The  shrinkage  in  air  drying  or  burning  should  not 
exceed  12  per  cent.  Greater  shrinkage  leads  to  checking  and 
increases  the  difficulty  of  burning. 

(3)  The  clay  should  allow  the  brick  to  be  put  through  a 
properly  constructed  dryer  in  twenty-four  to  thirty-six  hours. 
Slower  drying  causes  delay  and  extra  expense  for  added  dry- 
ing room. 

(4)  The  speed  in  burning  should  permit  a  vitrifying  heat  to 
be  put  on  in  five  or  six  days.  A  tender  clay,  demanding  slow 
firing,  greatly  increases  the  cost. 

(5)  The  point  of  incipient  vitrification  to  which  all  paving 
brick  should  be  brought  should  be  low,  from  1,500°  to  2,000^ 
F.     It  should  be  readily  obtained  in  an  ordinary  kiln. 

(6)  The  point  of  viscous  or  scoriaceous  vitrification  should 
be  at  least  300°  and  preferably  400°  F.  above  that  of  incipi- 
ent vitrification.  Unless  there  is  an  ample  margin  there  is 
heavy  loss  from  either  soft  unburned,  or  warped  overburned 
brick.  It  is  impossible  to  control  the  heat  of  the  kiln  within 
a  very  narrow  margin. 

(7)  The  density  both  before  and  after  burning  should  be  as 
high  as  possible,  since  it  is  an  important  factor  of  durability. 

(8)  It  is  often  desirable,  in  order  to  meet  a  popular  preju- 
dice which  seems  to  have  some  foundation  in  reason,  that  the 
clay  should  burn  to  a  dark  color. 

The  quality  of  the  output  is  very  largely  influenced  by  the 
character  of  the  process  of  manufacture  adopted.  The  details 
of  the  process  as  carried  on  in  the  Des  Moines  plants  are  given 
in  the  descriptions  of  the  individual  works.  In  general  the  pro- 
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cess  includes  (1)  mining  of  the  clay,  (2)  pulverizing,  mixing  and 
tempering,  (3)  moulding  the  brick,  (4)  drying,  and  (5)  burning* 
Thorough  pulverizing  and  mixing  is  important  to  secure  a 
honoLOgeneous  product.  The  tempering  controls  largely  the 
ease  of  moulding,  drying  and  burning.  In  this  work,  because 
of  the  uniformity  which  may  be  attained  by  its  use,  the  auto- 
matic tempering  machine  used  by  the  Iowa  Brick  Co.  has 
many  important  advantages.  In  moulding  it  is  important  to 
avoid  excessive  lamination  since  this  is  particularly  unfortu- 
nate in  paving  brick.  The  amount  of  lamination  may  be  con- 
trolled  by  proper  tempering  which  may  be  in  turn  controlled 
by  regulating  the  feed  of  the  machine.' 

Recently  it  has  become  common  to  repress  the  brick.  This 
process  gives  them  better  shape,  makes  them  denser  and 
usually  stronger.  In  drying  the  usual  care  must  be  exercised 
to  avoid  checking,  which  is  particularly  liable  to  occur  in 
paving  clays  because  of  their  considerable  shrinkage.  The 
burning  is  perhaps  the  most  important  part  of  the  process. 
In  this  work  down  draught  kilns  are  exclusively  used.  The 
bricks  should  be  set  very  open  and  the  heat  thrown  first  to 
the  center.  As  color  is  not  important  water-smoking  with 
wood  is  unnecessary  and  the  whole  burning  may  be  done  with 
coal.  After  the  water-smoking  two  to  four  days,  firing  should 
be  maintained  four  to  six  days,  so  as  to  bring  the  entire  kiln 
up  to  a  cherry  red  heat,  1,600^  to  1,900^^  F.  The  kiln  should 
be  cooled  slowly  allowing  plenty  of  time,  six  to  twelve  days, 
for  the  annealing.  The  slower  the  cooling  the  tougher  will 
be  the  brick.  It  is  impossible  to  burn  a  uniform  kiln  of  brick. 
Only  from  60  to  90  per  cent  will  be  No.  1  quality.  At  Des 
Moines  the  percentage  ranges  usually  from  75  to  85  per  cent. 
The  remaining  brick,  while  unsuitable  for  paving,  are  excel- 
lently adapted  for  use  as  hard  burned  building  brick  and 
usually  command  a  ready  sale. 

The  testing  of  paving  brick  is  a  matter  which  has  attracted 
much  attention,  and  the  proper  methods  of  testing  have  been 
much  misunderstood.      An  experienced    inspector  can  tell 
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much  from  the  appearance  of  a  brick  and  the  character  of  a  | 
fractured  surface.  He  may,  however,  be  much  deceived  in 
examining  brick  with  which  he  is  not  familiar,  and  in  any 
event  such  a  test  can  not  be  formulated  so  as  to  be  either 
useful  for  comparison  or  available  for  future  reference.  A 
number  of  mechanical  tests,  including  crushing",  cross-break- 
ing, absorption  and  the  rattler  test  have  been  used.  The 
present  tendency  is  to  rely  mainly  upon  the  eye  inspection 
and  the  rattler  test. 

The  paving  brick  companies  of  Des  Moines   have  recently 
had  a  verj"  complete  set  of  tests  made  upon  their  brick.     The 
work  was  done  by  Mr.  E.  P.  Boynton,  C.  E.,  city  engineer  of 
Cedar  Rapids,  with  the  exception  of  the  chemical  analyses 
which  were  made  under  his  direction  by  Prof.  C.  O.  Bates  of 
Coe  College.     The  tests  were  carefully  planned  and  were  car- 
ried out  with  great  detail.     Through  the  courtesy  of  the 
managers  of  the  four  companies  concerned,  the  Survey  is  per- 
mitted to  publish  here  the  summary  results  of  the  tests.     It 
should  be  remembered  that  these  are  only  the  summaries  and         i 
in  each  case  represent  a  large  number  of  individual  teats.     A 
few  of  the  detailed  tests  are  given  under  the  description  of 
the  individual  plants.     At  this  place,  in  Table  I,  is  given  a 
general  summary,  together  with  the  results  of  similar  tests 
on  certain  other  well  known  brick  for  comparison. 
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The  tests  included  the  determination  of  the  abrasion  and        ! 
impact  loss  by  means  of  the  rattler,  the  porosity   by    the 
absorption  test,  and  the  transverse  strength.     The  latter  is 
expressed  in  terms  of  the  modulus  of  rupture.     The  rattler 
used  was  polygonal  in  form,  twenty-nine  inches  in  diameter, 
and  forty-eight  inches  long.     It  was  charged   with  eleven 
brick  and  a  standard  charge  made  up  of  300  pounds  of  two- 
pound  cubes,  340  pounds  of  two-pound  cast  iron  spheres,  and 
120  pounds  of  smooth  cast  iron  foundry  shot  one-fourth  to  one- 
half  pounds  each  in  weight.     This  charge  was  itself  deter- 
mined to  be  best  adapted  to  the  work  as  the  result  of  a  series 
of  experiments.     The  test  consisted  of  800  revolutions  at  a 
rate  of  thirty-three  revolutions  per  minute,  the  rattler  being 
driven  by  steam.     The  loss  is  calculated  in  per  cent  by  weig*ht. 

The  absorption  test  was  made  upon  brick  which  had  been 
subjected  to  the  rattler  treatment  and  had  accordingly  lost 
their  external  glaze.  The  brick  were  brushed  clean,  dried  at 
174^-178^  F.  for  seventy- two  hours,  cooled  one  hour  at  60^  F., 
weighed  to  .0025  pounds,  set  on  edge  in  running  water  at  40^- 
42^  F.  for  seventy-two  hours,  wiped  dry  with  a  cotton  cloth 
and  re- weighed.     The  gain  is  expressed  in  per  cent  by  weight. 

The  transverse  strength  was  tested  by  cross-breaking  and 
from  this  the  modulus  of  rupture  was  calculated  as  usual. 

The  formula  used  for  calculating  the  general  rating  was 
adapted  from  one  used  by  Wheeler.     It  is  as  follows: 

V=(2a-R)  6  +  (8-A)  +  T^ 
R=Rattlcr  loss  in  per  cent  by  weight. 
A= Absorption-  in  per  cent  by  weight. 
T=Modulus  of  rupture  per  square  inch. 

The  actual  ratio  in  each  case  was  obtained  by  comparing 
all  the  specimens  tested.  The  rational  ratio  takes  account 
only  of  those  which  show  no  signs  of  having  suffered  acci- 
dents during  the  tests. 

Des  Moines  Brick  Manufacturing  Co. — This  company  was 
the  pioneer  in  the  paving  brick  industry  of  Des  Moines. 
They  formerly  operated  a  small  plant  for  the  manufacture 
of  tile,  but  in   1891  undertook  the  manufacture  of  building 
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brick  and  pavers.  The  first  large  contract  which  the 
company  filled  was  to  furnish  the  brick  for  the  Equitable 
building,  both  the  face  and  roof  brick  being  furnished.  Later 
they  began  to  make  pavers  as  already  noted.  Their  success 
has  been  to  a  high  degree  gratifying,  and  the  original  plant 
has  grown  until  it  is  now  one  of  the  largest  brick  plants  in 
the  west.  The  works  are  located  in  west  Des  Moines  between 
the  tracks  of  the  Chicago,  Rock  Island  &  Pacific  and  the  Des 


FiQ  05.    Dea  Uolnes  brick  woik*. 

Moines  &  Northern  railways.  A  considerable  portion  of  the 
output  was  at  first  placed  on  the  local  market,  but  of  recent 
years  the  shipping  trade  has  been  increasing.  The  pit  is  in 
all  about  forty-five  feet  deep. 

The  clay,  as  exposed  at  the  time  of  Mr.  Boynton's  tests, 
and  character  of  the  brick  which  may  be  made  from  each 
stratum  is  given  below. 

D— 1,  Clay,  variegated,  highly  refractory,  burning  to  a  brick  of  medium  tough- 
ncBS,  big-b  porosity  and  low  breaking-  strength;  thicknees,  three  to 
eight  feet;  average,  five  feet. 

D-'2.  Sbale,  streaked  in  color,  medium  fusibility,  high  in  iron  and  fluxes;  burns 
to  a  brick  of  medium  toughness,  medium  porosiiy  and  low  resistance  to 
rupture;   thickness,  three  to  eight  feet;  average,  four  feet. 
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TABLE  IV. 

DES  MOINES  BRICK  MANUFACTURING    CO. 

ABSORPTION  TEST. 

General  pavers,  end  cut  common,  from  brick  for  paving-  Union  station  grounds. 
Cedar  Rapids,  Iowa,  in  1896,  made  in  1895  E    F».  BOYNTON,  C  E, 


WEiaUT 

IN  POUNOS. 

1 

m 

a 

•1-1 

o 

MARKS. 

• 

• 

After  im- 
mersion 

c 

*•* 
w 

s 

;  ^ 

D-6-II 

4.95 
4.36 
4.80 
5,09 
4.87 
4.82 

4.97 
4.385 

4.82 
5.11 
4.<K) 
4.845 

.040 

0Z5 

020 

020 

.030 

.025 

'       .90 

D-6-V 

57 

D-€-T 

.41 

D  6-L    

.39 

D-6-IX 

.61 

D-6-X 

.52 

Average 

'  ~  ~  ~      ■"■ 

i 

.56 

TABLE  V. 

DE3  MOINE3  BRICK  MANUFACTURING  CO. 

TRANSVERSE  RUPTURE  TEST 


31W 


Broken  in  registering  hydraulic  press.    Modules  of  rupture  =  M  =  .rrrvi  ^^ 

which  1  =  length  between  supports,  =  6  inches,  b  =  breadth  and  h  =  depth  of 
brick,  w  =  breaking  load 

General  pavers,  end  cut  common,  from  brick  for  paving  Union  station  grounds, 
Cedar  Rapids,  Iowa,  in  1896,  made  in  1895 

E.  P.  BOYNTON,  C.  E. 


MARKS. 


D-S-I 
II 


H 
Z 
V 


Average 


b. 


4.05 
4.02 

4.00 
4.10 
4.11 


h 

w 

m. 

2,695 
2,453 

2,810 
2,291 
2,856 

2.40 
2.38 

2.35 
2  32 
2.35 

7,000 
6,200 

6,900 
5,600 
7,200 

2,621 

REMARKS 


Medium  dark  reddish. 
Brown  color,  with  many  white 

and  red  pebbles 
Few  lamination  cracks 
Break  on  two  or  three  edges. 
With  square  even  fracture. 


The  figures  given  in  tables  III,  IV  and  V  are  obtained  from 
tests  made  on  the  general  paving  brick  manufactured  by  the 
company.  A  combination  of  the  results  according  to  the  gen- 
eral formula,  V  =  (20  —  R)  6  +  (8  —  A)  +  f'?o,  gives  a  rating 
of  101.95,  a  most  satisfactory  showing.     The  ratings  given  in 
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The  clay  is  mined  by  means  of  a  Barnard  steam  shovel  which 
loaids  the  material  into  small  cars.     The  latter  are  hoisted  and 
<i  umped,  the  material  falling  into  the  dry-pans,  one  of  which 
is  of  the  Eagle  Iron  Works  pattern  and  the  other  that  of  the 
33es  Moines  Manufacturing  &  Supply  Co.     The  crushed  clay 
is  conveyed  by  an  elevator  to  screens  with  openings  f  x  A  inch, 
aiiid  thence  to  bins.     A  portion  of  the  material  is  pugged  in  a 
Wallace  mill,  and  the  remainder  passed  through  a  Chambers 
pug-mill.     Two  Chambers  brick  machines  are  used  in  mould- 
ing.    They  have  a  combined  capacity  of  70,000  brick  in  ten 
hours.     Four  Eagle  represses  are  used.     The  bricks  are  loaded 
at  the  machines  into  iron  cars,  upon  which  they  are  pushed 
through  the  dryer  to  the  kilns.     The  dryer  has  six  tunnels 
and  is  held  at  230^  to  300^  F.     It  takes  thirty-six  to  jftf  ty  hours 
to  dry  the  brick.     In  burning,  Eudaly  kilns,  of  which  there  are 
ten,  of  200,000  to  225,000  capacity  each,  are  used.     Water- 
smoking  consumes  two  to  three,  and  the  burning  takes  about 
six  days.     The  brick  have  a  high  and  well  deserved  reputa- 
tion, as  is  shown  by  the  subjoined  tests.    They  have  been  used 
in  most  of  the  important  paving  contracts  filled  by  Iowa  con- 
tractors.    When  the  works  are  in  operation  the  out-put  is 
about  120,000  per  day  with  80  to  85  per  cent  pavers.     In  all, 
about  7H,  000, 000  paving  brick  have  been  made  at  this  plant. 
It  takes  about  thirty  days  to  get  the  plant  fully  in  operation. 

TABLE  III. 

.     DES   MOINES  BRICK  MANUFACTURING  CO. 

ABRASION  AND  IMPACT— RATTLER    TEST. 

General  pavers,  end  cut  common,  from  brick  for  paving  Cedar  Fapids,  Iowa, 
season  of  1896.  E.  B.  BOYNTON,  C.  E. 


• 

i 

WEIGHT—LBS. 

• 

a 

o  ^ 

-3 

0) 

. 

* 

.1-*    rt 

i-i 

u 

MARKS. 

IS 

^ 
b 

o8 

s, 

CONDITION  AFTER  TEST. 

Total 
tionn 

(tf) 

"oS 

■ 

*« 

, 

I& 

•1-4 

o 

.49 

7.84 

('.4  VI. 

33 

800 

6.25 

5.76 

Even  wear. 

I.  3  IX  . 

33 

800 

6.32 

5.76 

.56 

8.86 

Chipped  corners. 

B.-S.-1. 

30 

800 

6.22 

5.76 

.46 

6.40 

Some  chipping,  were  generally 

even. 

L 

33 

800 

5.95 

5.43 

.52 

8.74 

C'hip  off  corner. 

1-7-X . . 

32 

800 

6  37 

5.85 

.52 

6.16 

Wear  even. 

Z 

32 

800 

6.50 

5.96 

.54 

8.31 
8.05 

Chip  off  one  corner. 

Av'g. 

..---. 
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TABLE  IV. 

DES  MOINES  BRICK  MANUFACTURING   CO. 

ABSORPTION  TEST. 

General  pavers,  end  cut  common,  from  brick  for  paving  Union  station  groiin  i- 
Cedar  Rapids,  Iowa,  in  1896,  made  in  1895  E  P.  BOYNTOK,  C   E. 


WEIGHT 
IN  POUNDS. 

• 

O 

1       ^ 

MARKS. 

t 

So 
< 

D-6-II   

4.95 
4.36 
4.80 
5,09 
4.87 
4.82 

4.97 

4.385 

4.82 

6.11 

4.90 

4.845 

.O40 

025 

020 

020 

.030 

.025 

^'« 

D-6-V 

57 

D-6-T 

'        .41 

D  6-L    

39 

D-6-IX 

61 

D-6-X 

.K 

Average - - 

-•.  - 

-  —  - 

.5^. 

TABLE  V. 

DE3  MOINES  BRICK  MANUFACTURING  CO. 

TRANSVERSE  RUPTURE  TEST 


31  w 


m      I        mm 

Broken  in  registering  hydraulic  press.     Modules  of  rupture  =  M  =  in 

which  1  =  length  between  supports,  =  6  inches,  b  =  breadth  and  h  =  depth  of 
brick,  w  =  breaking  load 

General  pavers,  end  cut  common,  from  brick  for  paving  Union  station  grounds. 
Cedar  Rapids,  Iowa,  in  1896,  made  in  1895 

E.  P.  BOYNTON,  C.  E. 


MARKS. 


D-S-I 
II 


H 
Z 
V 


Average 


b. 


4.05 
4.02 

4.00 
4.10 
4.11 


h 

w 

m. 

2.40 
2.38 

2.35 
2  32 
2.35 

7.000 
6,200 

6,900 
5,600 
7,200 

2,695 
2,453 

2,810 
2,291 
2,856 

2,621 

REMARKS 


Medium  dark  reddish. 
Brown  color,  with  many  whit€ 

and  red  pebbles 
Few  lamination  cracks 
Break  on  two  or  three  edges. 
With  square  even  fracture. 


The  figures  given  in  tables  III,  IV  and  V  are  obtained  from 
tests  made  on  the  general  paving  brick  manufactured  by  the 
company.  A  combination  of  the  results  according  to  the  gen- 
eral formula,  V  =  (20  —  R)  6  +  (8  —  A)  +  f'?o,  gives  a  rating 
of  101.95,  a  most  satisfactory  showing.     The  ratings  given  in 
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ta"ble  I,  are  somewhat  lower,  though  still  quite  satisfactory. 

Tiiis  is  explained  by  the  fact  that  the  latter  figures  were  in 

parti  leased  upon  special  brick  manufactured  from  each  clay. 

Tlie  difference  demonstrates  that  in  practice  the  clays  are  so 

coiii"biiied  as  to  compensate  individual  defects.    The  high  rank 

is  largely  a  result  of  the  toughness.    This  indicates  very  care- 

l\il  burning. 

Flint  Brick    Co. — This  company   has  an    extensive  plant 

located  in  Oak  Park  upon  the  Des  Moines  river.     They  ship 

over  the  Flint  Valley  line  of  the  street  railway  and  are  also 

^vitbin  easy  hauling  distance  of  all  parts  of  the  city.     The 

property  includes  a  coal  mine  and  a  brick  plant,  both  having 

been  opened  in  1893.     The  details  of  the  section  exposed  in 

tbe  pit  are  given  below. 

FKST.  INCHB8. 

12.  Clay  (Pleistocene) 3 

11.  Shale,  varicolored,  the  lower  portion  of  the 

nature  of  a  fire  clay 8 

10.  Shale,  buflf  to  gray,  gritty 6 

9.  Limestone,  impure 6 

8.  Shale,  red  and  bluish  gray;  laminated 6 

7.  Shale,  brick-red  in  color,  clean  imctuous  ...  4 

6.  Shale,  light  gray 4 

5.  Shale,  crumbly,  gray 1  6 

4.  Shale,  "blue'' 28 

3.  Shale,  bituminous 8 

2.  Coal,  soft,  "pockety" 1 

1.  Fire  clay .-.  1 

Above  number  4,  the  entire  section  is  fully  exposed. 
The  lower  numbers  were  encountered  in  sinking  the  shaft. 
The  coal  is  the  seam  exposed  along  the  river  and  already 
mentioned.  Excepting  numbers  9  and  12  the  entire  section  of 
clay  is  suitable  for  use. 

Analyses  of  the  clays  are  given  in  table  VI,  the  analyses 
being  made  by  Professor  C.  O.  Bates,  and  published  through 
the  courtesy  of  the  company.  The  samples  are  taken  from 
the  top  down.  As  these  samples  were  taken  at  a  different 
time  from  that  at  which  the  section  just  given  was  made  they 
cannot  be  exactly  correlated  with  the  members  noted. 
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TABLE  VL 

CHEMICAL  ANALYSES  FLINT  VALLEY  C*LAY8.— C.  O.  Bates,  Chemist, 


Silica,  total,  Si  O, 

Alumina,  Al,  O, 

Water,  combined,  H^  O 

Clay  and  sand 

Oxide  of  Iron,  Fe,  O, .  . 

Lime,  Ca  O 

Magnesia,  Mg  O 

Total  alkalies 


Fluxes 

Water,  free,  H,  O. 


Total 


O.  in  acid  to  O.  in  base 

Ox.  in  Alk.  to  O.  in  fluxes 


1. 

2. 

3. 

70.23 

69.89 

58.92 

15.68 

17.68 

21.45 

L82 

197 

4.13 

87.73 

89.54 

84.50 

7.44 

5.68 

8.40 

.47 

1.05 

.98 

150 

1.68 

2.90 

1.26 

1.15 

2.49 

10.67 

9.52 

14.77 

1.50 

.85 

.57 

99.90 

99.91 

99.84 

?.87 

3.18 

2.15 

3.29 

2  76 

2  29 

4. 


50.38 

27.25 

3.62 


8125 

n.54 

.96 

2.93 

1.65 


5. 


62.70 

21.32 

4.90 


17.08 
1.45 


88.92 

5.88 

.16 

1.77 

1.15 


8.96 
2.12 


99.78  i  100.00 

1.48  1'  2.59 
2.43  1    3.62 


6. 


7. 


64.31     64.03 

17.64     20.73 

5.47  ,     3.60 


87.42 
7.68 
L12 
2.40 
115 


12.35 
.42 


88.26 

6.72 

.36 

2.57 

1.30 


10.95 
.42 


99.99 

2.81 
2.16 


99.63 

2.57 
2.84 


The  clays  are  carried  to  a  dry-pan  of  the  Eagle  Iron  works 
make.  After  being  crushed  the  material  is  elevated  to  a 
screen  from  which  the  coarse  material  is  returned  to  the  dry- 
pan  and  the  fine  is  sent  to  a  Penfield  pug-mill.  From  this 
machine  it  goes  to  a  No.  20  Penfield  brick  machine  with  a 
revolving  cut-off.  The  brick  are  dried  in  an  iron-clad  dryer, 
the  temperature  ranging  from  160"  at  one  end  to  220-  at  the 
other.  Little  or  no  checking  occurs  unless  too  much  of  No.  12 
is  used.  The  brick  are  burned  in  Eudaly  kilijs  of  225,000 
capacity.  The  main  output  of  the  plant  is  paving  brick,  but 
hard  burned  building  brick,  both  rough  and  smooth,  in  dark 
red  and  buflf  colors,  are  also  marketed. 

In  the  Boynton  tests  the  pavers  from  this  plant,  taken  from 
stock,  gave  a  per  cent  of  absorption  of  .93  as  an  average  of  ten 
tests,  the  results  ranging  from  .53  to  1.22.  The  modulus  of 
rupture  was  found  to  be  2,740  as  a  result  of  three  tests.  The 
rattler  test  gave  12.49  (actual  and  rational)  as  a  result  of  ten 
tests  ranging,  from  9.57  to  14.59.  These  figures  give  the  brick 
a  rating  of  82.25  according  to  the  formula. 

Iowa  Brick  Co, — The  works  of  this  company  are  located  in 
the  northwestern  portion  of  the  city  across  the  river  from  the 
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Flint  brick  works.  The  plant,  which  is  quite  extensive,  was 
opened  in  1893.  The  shale  is  mined  by  blasting  and  digging 
and  hoisted  by  tail-rope  to  the  receiving  room,  where  it  is 
dumped  into  two  Frey-Sheckler  dry-pans.  From  the  latter  it 
is  elevated  and  run  through  a  revolving  screen  (4x9  feet), 
the  tailings  returning  to  the  dry-pans.  The  clay  goes  from 
the  screen  to  a  Frey-Sh:eekler  pug-mill,  being  fed  into  the 
latter  through  a  Cook  automatic  mixer.  This  is  an  ingenious 
Eoaehine  in  which  the  amount  of  clay  passing  through  the 


Pia.  M.    Iowa  brick 


hopper  and  spread  upon  an  endless  belt  regulates  the  amount 
of  water  turned  into  the  pug-mill.  The  mixer  can  be  set  so 
as  to  furnish  a  certain  percentage  of  water  and  beyond  that 
preliminary  gauging  requires  no  attention.  It  does  away  with 
the  necessity  for  a  man  at  the  pug-mill  and  has  many  impor- 
tant advantages  in  addition.  From  the  pug-mill  the  clay 
passes  to  a  Cunningham  brick  machine.  From  the  latter  the 
brick  go  the  repress,  of  which  they  are  three  of  Bonnott 
make.  At  the  repress  they  are  loaded  upon  iron  ears  which 
run    through    the    dryer.      The    latter  has    fifteen    tracks. 
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each  holding  twelve  cars,  giving  a  total  capacity  of  75,000 
brick.  It  is  heated  by  live  steam  and  ordinarily  65,000 
brick  are  run  through  in  twenty-four  hours.  At  the  dis- 
charging end  of  the  dry-house  is  a  transfer  track  so  that 
the  cars  may  be  run  into  the  kilns.  Of  the  latter  there 
are  seven  large  ones  of  Dewhirst  pattern,  and  one  bee  hive. 
The  plant  includes  a  250  horse  power  Bass  engine  and  four  80 
horse  power  boilera  of  the  same  make.  This  company  makes 
both  building  and  paving  brick  and  in  the  past  three  years  has 
put  out  about  26,000,000  brick.  In  making  the  pavers  the 
whole  of  the  section  is  used.  The  clays  vary  greatly  in  appear- 
ance and  character  as  is  shown  by  the  following  section  and 
analyses  taken  from  the  report  made  to  the  company  by  Mr. 
E.  P.  Boynton. 

FIET. 

1-1.    Shale,  variegated,  reddish  brown,  mahogany  reds, 
yellowish,  bluish  drab,  dark  gray,  almost  black; 

the  colors  mottled  parallel  to  bed. 6 

1-2.     Sandy,  light  yellowish  white,  solid  color 6 

1-3.    Slightly  sandy  at  top  to  clear  shale  below,  pale  blue 
streaked    with    chocolate    brown,    to   chocolate 

brown 5 

1-4.    Shale,  clear  chocolate  brown   4 

1-5.    Shale,  granular,  dark  solid  drab  with  reddish  pur- 
ple nodules. - 3 

1-6.     Shale,  bluish  drab 6 

l-6i.  Same  as  No  6,  exposed  at  western  end  of  cut,  weath- 
ered 
1-7.     Shale;    streaks  of  brownish  drab   and  greenish,  to 

chocolate  brown.     Stratification  well  defined 6 

1-8.     Clear  dark  drab,  with  olive  green  tinge 2 


Jd 


lOtFi. 
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TABLE  VII. 
CHEMICAL  ANALYSES  IOWA  BRICK  CO.  CLAYS— C.  O.  Bates,  Cbemiat. 


1-1 

56.98" 
25.65 

3.73 

1-2 

1-3 

1-4 

1-5 

1-6 

l-6i 

1-7 

1-8 

Silica,  total,  Si  O,  . 

Alumina,  Al^  O,  .-- 

Water,  combinea,H2 

O 

81.79 
10.25 

1.27 

68.50 
18.45 

2.82 

52.88 
24.27 

3.28 

66.73 
20.28 

4.92 

64.60 
20.25 

3.74 

64.82 
21.00 

3.10 

57.25 
22.50 

3.62 

53.05 
25.92 

4.40 

Clay  and  sand... 
Oxideof  Iron,  FcaO, 
Lime,  Ca  O 

85.36 

5.88 

.74 

1.88 

1.95 

93.31 

3.24 

.52 

.57 

1.75 

89.77 
5.28 
1.19 
1.42 
1.27 

80.43 

11.28 

.52 

2.03 

1.92 

91.93 

3.24 

.70 

.90 

1.46 

88.59 
6.72 
1.20 
1.02 
1.33 

88.92 

6.76 

.42 

2.48 

2.11 

83.37 

7.92 

.90 

2.28 

1.41 

83.37 
8.76 
1.00 

Mag^nesia,  Mg  O 

Total  alkalies 

• 

2.73 
1.29 

PlUXPfl 

10.45 
3.72 

6.08 
.58 

9.16 
.88 

16.75 
3.46 

6.30 
1.70 

10.27 
1.14 

10.77 
.33 

12.51 

3.88 

13.78 

Water,  free,  H,  O.. 

2.70 

Total 

O  in    acid   to  O   in 
base 

99  53 

1.95 
3.81 

99.97 

6.61 
2.78 

99.81 

3.17 
3.13 

99.64 

1.73 
2.39 

99.93 

3  11 
5.14 

100.00 

2.12 
3.12 

100.02 

2.61 
2.99 

99.76 

2.10 
2.72 

99.85 
1  77 

O  in  Al.  to  O  in  fluxes 

2.84 

The  properties  of  the  individual  clay  beds  of  this  section 
may  be  inferred  from  the  analyses  as  also  from  the  following 
physical  tests  (see  table  VIII).  These  testsVere  made  upon 
brick  from  the  separate  clays,  the  numbers  corresponding  in 
the  two  tables  and  the  section.  In  addition  it  will  be  noticed 
that  averages  are  given  for  brick  made  from  the  combined 
clays,  end  cut  and  side  cut,  both  repressed  and  common.  The 
brick  put  on  the  market  are  represented  by  these  later  tests. 


31  6.  Rep. 
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TABLE  Vni. 

TABLE  OP  AVERAGES  AND  COMPARATIVE  RATINGS— IOWA  BRICK 


COMPANY. 


E    P.  BOYNTON,  C.  E. 


MRTflOD  OF 
MANUFACTURE. 

ABRASION  AND  IM- 
PACT, RATTLER 
TEST. 

Porosity, 
absorption. 

TRANSVERSE 

STRENGTH,  RUP- 

TURK  TEST. 

1  I 
-1  i 

ill 

>»    •• 

^^     0m 

MARK 

AVERAGES. 

PER  CENT  OF  i:X)SS 

o 

fl   . 

S.S 

Oh 

MODTJIAJS  OF  HUP 

TURK. 

S3 
< 

3 

C 

.2 

1 

5 

• 

IS 

< 

1  -^ 

a 
o 

1 

2 

4 

14.68 
14.07 
13.88 
15.93 
20  53 
13.81 
14.28 
25.00 
13.63 
15.65 
1181 
11.45 

6 

7 

8 

9 

10 

1-1 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

1-8 

1-S 

1-S 

1-SC 

1-EC 

End  cut  oommon 
End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 
Side  cut  repress 
End  cut  common 
Side  cut  repress 
End  cut  common 

16.53 
15.01 
17.01 
17.29 
22.12 
14.16 
14.28 
28.00 
U.8() 
16.80 
12.23 
12.28 

15.60 
14.54 
15.44 
16.61 
21.82 
13.96 
14.28 
26.50 
14.22 
16.23 
12.02 
11.87 

.83 

5.74 

1.39 

.54 

4.98 

2.62 

.30 

.73 

.96 

.86 

.55 

.80 

2,812 

1,929 

2,766 

3,086 

2,921 

2,300 

3.174 

2,101 

3,348 

2,193 

3,348 

2,193 

2,812 

2,176 

3.203 

3,086 

2,921 

2,450 

3,174 

2,318 

3,714 

2,193 

3.714 

2,193  1 

2,812 

2,052 

2,984 

3,086, 

2,921  1 

2,375  1 

3,174 

2,210 

3,531 

2,J93' 

3,531 1 

2,193' 

64  :s 

44.45 
69.d3 
'  6224 
1172 
63.24 

::.9s 

15.82 
77.28 
54.21 
9212 
80.6] 

The  company  also  manufactures  terra  cotta,  using*  for  this 
purpose  carefully  selected  clays.  In  making  terra  cotta  the 
clay  is  run  through  the  dry-pan  and  pug-mill  as  usual  and  then 
spread  upon  the  floor  and  covered  with  a  cloth  to  keep  moist 
The  pieces  are  moulded  in  plaster  moulds  and  carefully  dried. 
The  ware  is  burned  in  a  muffled  kiln,  so  as  to  be  protected 
from  the  fire,  and  requires  seventy  to  seventy-five  hours  Qring- 
Red  and  dark  purple  cornice  pieces  have  so  far  been  the  prin- 
cipal output. 

Capital  Ciff/  lirlck  and  Tile  Work's. — This  plant  is  located  on 
on  the  south  side  near  the  intersection  of  the  Keokuk  &  West- 
ern and  the  Chicago  Great  Western  railways.  A  sectioii  of 
the  pit  has  already  been  given.  At  the  time  Mr.  Boynton 
visited  the  works  the  exposure  measured  about  fifty  feet.  His 
s3ction  from  the  top  down  is  as  follows: 
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FSIT. 

C-0.    Clear,  medium  light  drab  with  slight  seams  of  rust, 

mastic,  very  slightly  gritty 7 

C-1.     Shale,  mottled  and  streaked,  maroon  to  sea  green, 

greenish  and  purplish  brown,  rust  in  seams 4i 

C-2.     Shale,  medium  dark  bluish  drab,  clean 7 

C-3.    Bastard  fire  clay,  mottled  purplish  blue,  dark  grey, 

slight  rust  in  seams 4 

C-4.  Shale,  soapy,  but  containing  some  grit,  clear  green- 
ish drab 15 

C-5.    Shale,  very  dark  greenish  grey  with  slight  seams  of 

rust - II 

C-8.     Shale,  clear  blue  sandy 10 

Samples  taken  from  each  layer  were  analyzed  (see  table  IX) 
and  brick  made  from  the  individual  layers  were  tested  with 
results  as  shown  in  table  X.  The  numbers  designating  the 
individual  layers  of  the  section  correspond  with  those  of  the 
analyses  and  tests. 

TABLE  IX. 

CHEMICAL  ANALYSES  OF  CLAYS— CAPITAL  CITY  BRICK  &  PIPE  CO. 

C.  O.  Bates,  Chemist, 


bilica,  total,  Si  O2 

Alumina,  Al,  Os 

Water,  combined,  H^  O 


Clay  and  sand 

Oxide  of  Iron,  Fe,  O, 

Lime,  Ca  O.  

Magnesia,  Mg  O 

Total  alkalies 


Fluies 

Water,  free,  H,  O. 


Total 


0  in  acid  to  O  in  base 

0  in  alumina  to  O  in  fluxes 


C-0. 

C-1. 

C-2. 

55.25 

25.60 

5.07 

53.08 

24.93 

5.73 

61.18 

21.69 

5.01 

85.02 
6.52 
1.75 
1.49 
1,79 

10.55 
3.27 

83.74 

9.00 

.94 

1.84 

1.19 

87.88 

5.88 

.51 

1.92 

1.96 

12.97 
3.29 

10.27 
1.27 

99.74 

1.93 
3.82 

100.00 

1.78 
2.95 

99.42 

2.43 
3.28 

C-3. 


68.65 

18.93 

2.80 

90.33 

6.12 

.25 

.68 

.74 


C-4. 


65.62 

16.83 

4.10 


7.79 
1.80 


99.92 

3.23 

3.80 


86.55 

8.64 

.42 

2.00 

1.66 


C^. 


51.35 

27.38 

5.42 


12.72 
.60 


99.87 

2.95 
2.04 


84.15 
6.60 
1.45 
2.62 
2.34 


C-6. 


58.42 

20.04 

5.40 


13.01 
2.81 


99.97 

L62 
3.25 


83.86 
7.80 
1.60 
2.67 
L56 


13.71 
2  39 


99.96 

2.27 
2.23 


In  making  the  brick  the  material  is  hoisted  to  a  Frey- 
Sheckler  dry-pan  with  a  tailings  crusher  of  the  same  make, 
and  is  moulded  on  a  No.  10  Penfleld  machine.  There  are  two 
large  brick- walled  tunnel  dry-houses  of  nine  tracks  each  and 
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with  a  total  capacity  of  60,000  brick.  The  temperature  used 
is  about  200^  F.  The  kilns  include  three  Eudaly,  one  roucd 
and  two  rectangular,  seven  round  down-drafts  and  one  open 
kiln.  The  burning,  including  water-smoking",  requires  ten 
days.  Paving  brick  of  excellent  quality  is  the  main  out- 
put, though  large  quantities  of  building  brick  are  also  mar- 
keted. 

TABLE  X. 

PAVING  BRICK  TESTS— CAPITAL  CITY  BRICK    AND   PIPE   CO. 

E.  P.  BOYl^TON,  ('.  K. 


METHOD  OP 
MANUFACTURE. 

ABRASION  AND  IM- 
PACT, RATTLER 
TEST. 

Po  r  0  8  i  t  y, 
Absorption 
test 

TRANSVERSE 
STRBa<IGTH,  RUP- 
TURE TKST. 

1      1 

:  tt 

1 

AVERAGES. 

MARK. 

PER  CENT  OF  LOSS. 

o 

u  a 

MODULUS  OF 
RUPTURE. 

08 
< 

• 

03 

O 

*  S 

-3 
p 

< 

a 
S 

'  -3 
1    ^ 

1 

•2 

3 

4 

5 

6 

7 

8 

9 

10 

C-1 

c-2 

C-^ 

OA 

C-5 

C-6 

C-G.  P_.. 

End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 
End  cut  common 

16.91 
18.73 
12.91 
18.60 
69.49 
12.49 
17.78 

16.30 
18.73 
17.17 
16.61 
69.49 
12.49 
17.61 

16.64 
18.73 
16.04 
17.60 
69.49 
12.49 
17.70 

.97 
1.03 
8.60 

.67 
1.38 

.60 

.54 

3,375 
2,858 
1.714 
3,930 
1,998 
3,429 
3,896 

3,544 
2,858 
1,714 
3,930 
1,998 
3,429 
4,080 

3,450 
2,858 
1,714 
3,930 
1,998 
3,429 
3,988/ 

63.7 i 
45.48 
28.76 
63.4S 

6tS9 

The  brick  marked  C.  G.  P.  represented  the  general  pavers. 
They  did  not,  however,  represent  the  general  stock  of  the 
company  since  they  were  in  part  of  1895  manufacture,  and  at 
the  time  they  were  selected  the  yard  was  entirely  stripped 
It  is  interesting  to  note  that  the  bastard  fire  clay,  C-3,  pro- 
duced a  brick  of  high  absorption  and  low  transverse  strengthi 
though  of  considerable  toughness.  The  best  brick  are  made 
from  the  lower  clay,  C-6,  and  at  this  plant,  as  at  the  others, 
the  more  recent  brick  are  much  better  than  those  first  turned 
out.     It  is  also  interesting  to  note  in  connection  with  the 
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analyses,  the  variations  in  color  and  other  physical  properties. 
These  are  summarized  by  Mr.  Boynton  as  follows: 

C-1.  All  of  good  form;  medium  dark  buflf  color  with  pur- 
plish tinge.     All  show  slight  kiln  marks."    No  ring. 

C-2.  All  good  forms,  good*  corners;  light  reddish  buflf 
color;  appear  glassy;  brittle;  sharp  clear  ring. 

C-3.  Good  form;  very  light  pale  yellow  with  pinkish  tinge; 
blotches  of  lemon  yellow  on  ends;  dull  spongy  appearances 
and  no  ring;  looks  like  fire  brick. 

C-4.  Good  form;  light  buflf  color  with  purplish  tinge;  good 
ring. 

C-5.  Good  form;  buflf  color  with  reddish  tinges;  poor  ring; 
glassy,  brittle  appearances. 

C-6.  Good  form,  but  slightly  kiln  marked;  medium  dark 
buflf  with  purplish  tinge;  good  ring. 

The  eflfect  of  the  lime  and  magnesia  in  holding  down  the 
color  is  excellently  illustrated  by  the  brick.  The  clays  carry 
from  5.52  to  9  per  cent  of  iron  (Fe,  Oj)  enough  to  give  a  good 
red  color  under  ordinary  conditions,  and  yet  they  are  predom- 
inantly buflf.  Variation  in  color  seems  to  be  due  in  but  slight 
part  to  the  burning,  since  it  is  nearly  proportional  to  the  change 
in  composition.  This  is  suggested  by  the  following  compari- 
son between  the  color  and  the  ratio  existing  between  the  total 
iron  and  the  sum  of  the  lime  and  magnesia. 

RATIO. 

C-1.  Buff,  pinkish  tinge    1:.308 

C-2.  Light  reddish  buff 1:  413 

C-3.  Pale  yellow,  with  pinkish  tinge 1:167 

C-4  Buff,  pinkish  tinge 1:.280 

C-6.  Buff,  reddish  tinge 1:.516 

C-6.  Dark  buff,  purplish  tinge 1:.574 

BUILDING  BRICK. 

As  has  already  been  suggested  the  loess  and  the  alluvium 
are  the  materials  chiefly  used  for  manufacturing  building 
brick.  The  clays  and  shales  of  the  coal  measures  have  not 
been  much  used  except  at  the  paving  brick  works.  Where 
the  shales  are  used  for  building  brick  they  are  usually  mixed 
with  loess. 
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For  building  brick,  clays  of  great  variety  in  composition 
and  texture  may  be  used.  The  sandy  alluvium  and  the 
dense  shales  each  have  their  use.  The  qualities  to  be 
desired  in  building  brick  are  (1)  low  cost,  (2)  good  shape,  'i 
suitable  color,  and  (4)  moderate  strength.  For  *  *  common " 
brick,  a  fair  strength  being  secured,  the  matter  of  cost  becomes 
most  important.  For  this  reason  hand-made  alluvial  brick 
and  rejects  from  other  grades  make  up  the  bulk  of  the  mate- 
rial supplying  the  trade.  ' '  Stock ' '  brick  require  more  care 
as  to  shape,  and  a  careful  sorting  so  as  to  secure  uniformity 
in  color.  ' '  Roman  brick ' '  require  very  careful  manipulation 
in  order  that  the  desired  shape  and  color  may  be  perfectly 
maintained.  Enameled  brick  are  made  by  treating*  the  better 
class  of  stock  brick. 

In  those  grades  where  smooth  surfaces  and  sharp  edge^ 
are  required  the  results  may  be  obtained  by  using  either  the 
repress  or  the  dry-press.     If  a  change  in  color  be  desired  it 
can  often  be  brought  about  by  a  change  in  treatment.    The 
red  color  of  most  brick  is  due  to  the  presence  of  3  to  o  per 
cent  of  iron  and  the  absence  of  lime  and  magnesia.     In  the 
presence  of  the  latter  double  silicates  of  lime  and  iron  are 
formed  and  a  cream  or  buflf  brick  results.     According'  to 
Wheeler  the  red  color  will  sadden  if  5  per  cent  of  lime  and 
magnesia  be  present,  at  10  per  cent  the  brick  has  a  yellowish 
cast  and  at  15  per  cent  it  becomes  a  deep  to  pale  cream.    The 
temperature  of  burning  also  influences  the  color.     A  brick 
which  is  a  dull  salmon  color  when  burned  at  red  heat  (1,000 
to  1,200^^  F.)  becomes  a  deep  salmon  at  slightly  higher  tem- 
peratures (1,300^  to  1,400°  F.),  a  light  red  at  bright  red  beat 
(1,500°  to  1,600°  F.)  and  deep  red  at  still  higher  heat  (1,800 
to  1,900°  F.).     At  bright  cherry  heat  (2,000°  to  2,200°  F.j  it 
becomes  a  very  dark  red  and  at  slightly  higher  heat  (2,300 
F.)  it  usually  fuses  and  turns  black. 

If  the  brick  be  very  slowly  heated  in  the  water-smokinjg' 
stage  the  color  is  deeper  and  richer  from  the  more  thorough 
oxidation  of  the  iron.  When  very  dark  brick  are  desired 
they  may  be  secured  by  burning  with  a  smoky  flame. 
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By  proper  manipulation  a  wide  range  of  color  may  be 
obtained,  as  is  indicated  by  the  results  of  the  tests  at  the 
Capital  City  plant.     A  still  wider  range  would  have  been 
obtained  if  the  conditions  of  burning  had   been  purposely 
varied.     So  far  only  common  and  stock  brick  have  been  regu- 
larly placed  on  the  market  from  Des  Moines.     At  present  the 
main  output  .is  red  brick,  with  a  few  buffs.     Smooth  faced 
brick  are  generally  preferred,  but  recently  there  has  been  a 
growing  demand  for  rock   faced.     The  paving  brick  works 
supply  an  important  portion  of  the  building  trade  as  the  brick 
which  are  not  good  enough  for  use  as  pavers  are  excellent 
for  building  purposes.     A  considerable  portion  of  these  are 
sold  for  rock-face  work. 

Newman    Brothers.     This  firm  formerly  operated  a  small 

plant  in  East  Des  Moines  for  the  manufacture  of  building 

brick;  recently,  however  they  have  opened  more  extensive 

works  on  the  Wabash  railway  near  Hastie.     The  locality  has 

already  been  noted  in  connection  with  the  mines  of  the  Iowa 

Fuel  Co.     The  clay  consists  of  coal  measure  shale  and  is 

crushed  by  means  of  a  Bonnot  dry-pan,  made  at  Dayton, 

Ohio.     From  the  dry-pan  it  goes  into  a  pug-mill  of  the  same 

make.     After  being  mixed  and  tempered  it  is  moulded  as  a 

stiff  mud  upon  Bonnot  end-cut  machines.    The  green  brick  are 

dried  by  live  steam  in  twenty-four  to  thirty-six  hours  in  an 

eight  track  dry-house  of  40,000  capacity.     The  clay  drys  with 

no  checking.     In  burning,  two  cased  kilns  of  150,000  capacity 

each,  and  one  round  down-draft  of  60,000  capacity  are  used. 

The  brick  are  water-smoked  in  two  or  three,  and  usually  bum 

in  seven  or  eight,  days;  occasionally  they  require  nine  or  ten 

days  burning.     So  far  few  pavers  have  been  made,  the  trade 

being  mainly  in  building  brick.     The  two  styles  of  brick  are 

made  from  the  same  clay,  but  the  pavers  are  burned  harder. 

Merrill  Brick  Works, — This  plant  is  located  on  the  Keokuk 

&  Western  railway,  some  distance  south  of  the  Capital  City 

plant.     The  material  is  taken  from  the  foot  of  the  Raccoon 

river  bluffs  and  consists  of  coal  measures  capped  by  loess. 

The  following  section  is  shown  in  the  pit: 
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FBBT. 

7.    Soil  andloess '- 3 

6.     Slate,  bituminous | 

5.    Shale,  blue  to  gray  and  buflf 4 

4.  Shale,  red  to  brown,  more  cr  less  variegated,  contain- 
ing ironstone  concretions 20 

3.    Shale,  blue  to  gray 6 

2.    Coal 11 

1.     Shale,  light  gray 7 

All  of  the  material  in  the  pit  except  the  coal  and  bitumi- 
nous shale  is  used  in  the  brick.  Numbers  1  and  3  are  of  par- 
ticularly good  quality.  In  treatment  the  clay  passes  through 
a  Des  Moines  Supply  Co.  dry-pan,  a  Wallace  pug-mill  and  a 
Great  Wonder  brick  machine.     From  the  machine  the  brick 

« 

go  to  a  tunnel  dryer  heated  by  exhaust  steam  in  the  day  time 
and  live  steam  at  night.  Three  Pike  kilns  and  one  open  kiln 
are  used  in  burning,  the  process  requiring  ten  days,  including 
four  days  of  water-smoking.  At  present  building  brick  only 
are  made,  though  it  is  the  intention  of  the  company  to 
arrange  for  the  manufacture  of  pavers,  repress  and  finish 
brick.  The  material  now  turned  out  is  strong,  dense  and  of 
good  color. 

Dale- Goodwin  Pressed  Brick  Co. — The  works  of  this  com- 
pany are  located  upon  the  Winterset  branch  of  the  Chicago, 
Rock  Island  &  Pacific  railway,  southeast  of  Des  Moines  (Tp.  78 
N.,  R.  XXIV  W.,  Sec.  24).  The  material  used  is  the  loess.  A 
descriptive  section  has  already  been  given.  The  surface 
material  isjplowed  and  allowed  to  become  almost  dry  before 
it  is  carted  to  one  of  the  large  sheds  under  which  it  is  stored. 
From  the  sheds  the  clay  is  passed  through  a  Ross  pulverizer, 
and  after  being  screened  it  goes  into  the  bags  of  the  machine. 
The  latter  is  a  Ross-Keller  No.  2,  six-mould,  with  a  pressure 
of  30,000  pounds  per  square  inch.  The  green  brick  are 
wheeled  directly  to  the  kiln,  four  up-drafts  of  Repell  pattern 
of  240,000  capacity  each.  The  brick  burn  in  seven  days  with 
coal,  after  eight  days  water-smoking  with  wood.  A  good 
cherry  red  color  is  obtained  and  the  brick  meet  with  ready 
sale.     This  is  the  only  plant  in  the  city  using  the  drj^-press 
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process,  and  the  success  attained  is  quite  encouraging  in  view 
of  the  large  amount  of  loess  available.  The  plant  was  erected 
in  1893,  and  has  not  been  operated  so  continuously  as  would 
have  been  possible  under  normal  business  conditions.  As  a 
result  the  product  is  not  so  uniform  in  quality  as  has  been 
obtained  from  the  loess  at  some  other  points,  but  it  has  been 
abundantly  proven  that  brick  of  the  best  quality  can  be  made. 

Local  Brickyards.— l^heTQ  are  a  large  number  of  small 
plants  scattered  throughout  the  city  which  make  brick  in  the 
main  by  the  hand  process.  They  are  not  always  permanent, 
but  many  have  been  operated  for  several  years.  Most  of 
them  are  noted  below. 

The  Minear  Brothers  brickyard,  southeast  corner  of 
Twenty-first  and  Maury  streets,  was  Started  in  1889  and  has 
since  continued  in  operation.  Slap  brick  are  made  from  clay 
taken-  from  a  seven-fobt  bank.  Soily  material  at  the  top  to  a 
depth  of  one  foot  is  removed  and  the  underlying  alluvium  is 
utilized.  At  a  depth  of  twelve  feet  quicksand  and  water  are 
reached;  this  is  near  the  water  level  of  the  Des  Moines,  which 
flows  less  than  a  half  mile  away. 

Louis  Shackelford  has  a  brickyard  at  the  northwest  corner 
of  Fair  avenue  and  West  street.  A  Chief  machine  operated 
by  horse-power  was  put  in  in  1893.  Prior  to  this  time  slap 
brick  were  made.  The  moulded  product  is  dried  in  open  air 
and  burned  in  either  clamp  or  cased  kilns.  The  raw  material 
is  taken  to  a  depth  of  three  and  one-half  feet  from  the  flood- 
plain  of  the  Des  Moines,  In  the  upper  part  it  contains  con- 
siderable vegetable  material.  Below  it  is  brown  in  color  and 
more  clay -like.  The  clay  grades  into  quicksand  and  gravel. 
The  brick  from  here  have  been  used  in  various  buildings, 
including  the  National  Starch  Works,  the  Windsor  Packing 
House  and  the  Painter  block. 

Lincoln  Shackelford  operates  a  small  brickyard  just  east  of 
Victoria  street,  between  West  street  and  the  Wabash  railroad. 
Two  pug-mills  with  one  gang  of  men  are  employed,  the  prod- 
uct being  common  slap  brick  made  from  alluvial  material 


398  GEOLOGY  OF  POLK  COUNTY. 

taken  to  a  depth  of  nearly  three  feet.  The  brick  are  burned 
in  down-draft  kiln,  with  a  capacity  for  65,000  brick.  The 
product  is  of  very  good  grade,  and  has  been  used  in  the  con- 
struction of  some  of  the  principal  business  houses  in  Des 
Moines,  including  the  Turner  block. 

T.  J.  Fredregill  is  the  owner  and  operator  of  a  brickyard 
just  to  the  northwest  of  the  Lincoln  Shackelford  plant.  The 
force  consists  of  but  one  squad  of  men.  Alluvium  from  the 
Des  Moines  valley  is  used  to  a  depth  of  three  feet.  The 
brick  are  dried  on  the  yard  and  -burned  in  cased  kilns  with 
wood  as  fuel.  They  have  a  good  red  color  and  are  quite  firm 
for  a  hand-made  article. 

J.  M.  Fredregill  makes  slap  brick  on  a  yard  north  of  the 
Wabash  track  and  east  of  the  York  addition.  Work  has  been 
carried  on  at  the  point  several  seasons.  The  clay  is  similar  to 
that  used  at  the  other  points  in  this  vicinity,  but  here  it  is 
taken  to  a  depth  of  from  three  to  four  feet,  utilizing  the 
surface  loam.     Under  the  clay  gravel  is  struck. 

J.  Bailey  now  operate^  the  once  abandoned  Cook  Brothers 
brickyard,  located  east  of  Twentieth  street  on  the  north  side 
of  the  Chicago,  Rock  Island  &  Pacific  railroad.  Here  again 
hand  made  brick  is  the  product,  the  material  being  the  allu- 
vial clay  which  is,  including  the  soil  portion,  about  four  feet 
thick,  and  below  which  is  gravel  of  the  Wisconsin  gravel 
train.  The  yard  is  supplied  with  two  stationary  kilns  with  a 
total  capacity  of  250,000  brick.  The  product  is  used  princi- 
pally for  interior  walls  and  sidewalks. 

The  J.  D.  Hill  brickyard  is  just  east  of  Twentieth  and  north 
of  Maury  streets.  This  plant  is  quite  extensive.  The  brick 
are  made  from  alluvial  soil  and  subsoil  taken  to  a  depth  of 
seven  feet.  The  Old  Reliable  soft-mud  horse  power  machine 
is  used  and  about  22,000  brick  is  the  daily  capacity.  Two 
clamp  kilns  holding  275,000  brick  are  used  in  burning. 

Louis  Youngerman  is  the  owner  of  a  brickyard  which  lies 
just  north  of  the  western  end  of  Dean  Lane.  A  triple  force 
of  men  are  employed.     Ordinary  silty  clay  of  the  Des  Moines 
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*  *  bottoms ' '  is  mined  four  feet  deep.  This  affords  a  very  fair 
common  brick.  Two  clamp  kilns  are  used  in  burning.  These 
have  a  capacity  of  125,000  each. 

N.  Haskins  has  been  making  brick  in  Sevastopol  for  about 
ten  years.  The  brick  are  now  made  on  two  Old  Reliable  soft- 
mud  machines,  each  having  a  capacity  of  7,500  daily.  Five 
clamp  kilns  and  one  Haskin  patent  are  used  in  burning.  The 
raw  material  is  loess  from  the  hillside  by  the  yard.  The  upper 
six  feet  of  the  deposit  is  yellowish  to  brown,  slightly  ocher- 
ous,  and  at  the  bottom  it  grades  into  a  grayish  sandy  variety. 
The  burned  product  has  a  good  rather  bright  red  color  and 
is  quite  substantial  in  quality. 

South  of  the  street  from  the  N.  Haskins  yard  and  just 
north  of  the  Van  Ginkel  coal  mine  is  situated  the  brickyard 
operated  by  G.  Van  Ginkel .  Loess  is  taken  from  a  bank  two 
to  eight  feet  deep  near  the  plant  and  moulded  by  two  TiflBn 
Old  Reliable  and  one  Chief  soft-mud  machine.  The  clay  is 
of  good  quality  and  suitable  for  the  manufacture  of  even  a 
much  higher  grade  of  brick,  although  those  manufactured  are 
of  very  good  quality  for  a  common  brick. 

Tippey  &  Decker  operate  a  hand  yard  two  miles  beyond 
the  eastern  limits  of  Des  Moines,  about  half  a  mile  from  the 
Wabash  tracks.  This  brickyard  was  started  in  1893  and  has 
since  been  running  on  a  small  scale.  Alluvial  material  is 
utilized. 

The  Frank  Collins  brickyard  is  situated  a  short  distance 
north  of  the  Des  Moines  river  to  the  east  of  Sixth  avenue. 
Work  was  commenced  in  the  spring  of  1893,  using  the  soil  and 
under  clay  of  the  flood  plain.  The  product  is  hand  made  and 
the  annual  output  is  small. 

In  the  northwestern  part  of  Des  Moines,  north  of  Franklin 
avenue  and  west  of  Twenty-third  street,  G.  L.  Winburn  ope- 
rates the  brickyard  formerly  owned  by  E.  S.  Close.  Upland 
soil  is  used  to  a  depth  of  two  feet;  below  this  the  moulded 
material  is  too  liable  to  crack  when  becoming  dry,  as  there 
are  no  sheds  to  protect  the  slap  brick.  The  brick  have  good 
color  and  do  very  well  for  basement  and  interior  walls. 
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L.  J.  Williams  has  been  making  slap  brick  about  one-fourth 
of  a  mile  north  of  St.  Joe  street  and  west  of  Twentieth  street 
for  several  seasons.  The  material  used  is  upland  soil.  It  is 
taken  to  a  depth  of  eighteen  inches.  The  clay  is  prepared 
in  ordinary  pug-mills  and  the  moulded  articles  dried  on  the 
yard. 

On  Twentieth  street  and  Hickman  avenue  is  a  brickyard 
now  owned  and  operated  by  Kuntz  &  Hall.  It  has  been  ope- 
rated for  more  than  fifteen  years.  The  surface  eighteen 
inches  are  stripped  off  and  the  under  sixteen  feet  are  utilized 
by  being  put  through  an  Ideal  machine  of  the  Decatur  Leader 
Manufacturing  Co. ,  which  machine  was  put  in  at  the  begin- 
ning of  the  season  of  1893.  This  plant  is  well  arranged  so  far  as 
methods  and  location  with  respect  to  the  raw  material  and  kilns 
are  concerned.  It  is  the  only  one  in  Des  Moines  making  brick 
of  loess  alone  on  a  stiff-mud  machine,  and  the  product  is  of 
good  strength  and  appearance.  Three  stationary  kilns  are 
employed. 

SEWER   PIPE   AND   POTTERY. 

Aside  from  brick  the  clays  found  near  the  city  have,  as 
yet,  been  but  little  used.  There  is,  however,  one  extensive 
sewer  pipe  plant  and  a  few  small  potteries. 

Iowa  Pipe  and  Tile  Co. — This  is  the  largest  factory  in  the 
state  devoting  attention  to  the  manufacture  of  sewer  pipe 
and  other  articles  which  are  made  by  the  same  processes.  It 
is  situated  on  the  east  bank  of  the  Des  Moines  river  about 
half  a  mile  north  of  Locust  street.  The  plant  has  been  in 
operation  for  some  years  and  has  just  been  rebuilt,  having 
been  burned  within  the  year.  The  buildings  include  the  main 
structure,  167  by  90  feet,  three  stories  high;  a  wing,  90  by  37 
feet,  two  stories  high,  and  a  small  office  building.  The  clay 
is  brought  from  the  bank  to  a  Vaughn  dry-pan  from  which  it 
passes  into  a  screen;  from  the  screen  the  mass  is  conveyed  to 
a  bin,  from  which  it  is  transported  into  two  Frost  wet-pans, 
from  which  it  is  taken  to  press  feeders,  and  then  into  the  two 
Vaughn  presses  for  sewer  pipe,  or  into  the  Brewer  press  for 
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drain  tile.  The  raw  material  is  as  conveniently  located  as 
could  be  desired,  the  plant  being  situated  immediately  between 
the  pit  and  the  river.     The  section  has  already  been  given. 

Of  the  sandy  material  at  the  top  only  a  part  can  be  used, 
as  it  stands  only  moderately  high  heat.  For  sewer  pipe  the 
best  grades  are  selected  and  various  combinations  are  taken 
for  the  other  products.  The  ten  feet  of  shale  at  the  base  of 
the  section  is  of  very  fine  quality.  It  is  the  extension  of  the 
layer  which  is  mined  just  across  the  river  and  used  at  the 
Updike  and  at  the  Weeks  potteries.  A  few  impurities  are 
shown  in  the  burnt  ware  and  if  these  were  removed  by  wash- 
ing the  material  could  probably  be  used  for  white  glazed  and 
unglazed  ware,  for  glass  pots,  crucibles  and  many  other 
products. 

The  factory  is  well  equipped  and  well  managed.  The  sewer 
pipe  made  are  of  excellent  quality,  and  fully  attest  the  fact  that 
the  local  clays  are  able  to  not  only  supply  local  demands  but 
to  make  their  way  into  the  general  market. 

Eagle  Pottery  Works. — This  is  an  old  established  pottery, 
located  on  Elm  and  South  Second  streets.  Common  coarse 
stoneware,  glazed  and  unglazed,  has  been  manufactured  for  a 
number  of  years,  though  the  plant  is  not  at  present  in  opera- 
tion. The  clay  is  from  the  coal  measures.  It  is  mined  from 
the  J.  Fox  slope,  opposite  the  plant  of  the  Iowa  Pipe  &  Tile 
Co.  The  best  part  of  the  vein  is  seven  feet  in  thickness.  It 
is  quite  hard  when  first  mined,  and  for  this  reason  the  mate- 
rial is  allowed  to  weather  for  a  year  or  more.  It  becomes 
thoroughly  broken  up  and  disintegrated  and  is  more  readily 
worked.  After  a  thorough  grinding  in  a  wet-pan  or  chaser  of 
the  Webster,  Camp  &  Lane  manufacture,  it  is  prepared  by 
hand  for  the  wheel.  The  wet  ware  is  placed  in  steam-heated 
apartments  and  dried.  It  is  then  put  in  a  rectangular  down- 
draft  kiln  and  burned.  It  stands  much  firing  and  readily 
takes  a  very  fine  glaze,  for  which  purpose  Albany  slip  is  used. 
The  style  of  ware  is  varied,  and  all  sizes  of  jars,  from  the 
quart  to  the  twenty  gallon  are  made.      There  are  minute 
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impurities  in  the  clay  and  the  unglazed  products  disclose 
their  presence.  Washing  would  no  doubt  remove  them,  but 
the  glaze  conceals  the  impurities  and  makes  the  extra  expense 
unnecessary. 

Weeks  Pottery  Works, — This  plant  was  started  a  few  years 
ago  on  South  Sixth  street  near  Raccoon  street.  It  is  quite  an 
extensive  factory,  with  brick  buildings,  two  rectangular  down- 
draft  kilns,  a  wet-pan  or  clay  chaser,  with  dry- rooms,  wheels 
and  other  necessary  appliances.  The  factory  was  started  with 
the  intention  of  making  pottery  especially,  but  early  in  1893 
this  plan  was  abandoned,  and  chimney  tops  were  manufac- 
tured. The  expense  of  purchasing  the  raw  material  made  the 
factory  only  an  indifferent  success,  and  it  is  not  now  operated. 
The  clay  itself  is  of  good  character.  It  is  the  same  as  used 
at  the  Eagle  works,  and  is  taken  from  above  the  milldam, 
where  it  is  mined  by  means  of  a  slope.  The  material  is  a  fine 
arenaceous  clay.  It  stands  much  firing,  does  not  '*  cripple," 
and  readily  takes  a  bright  glaze. 

BRICKYARDS   OUTSIDE  OF  DES   MOINES. 

Altoona, — ^The  E.  E.  Haines  brickyard  and  tile  factory  is 
situated  on  the  north  side  of  the  Chicago,  Rock  Island  & 
Pacific  tracks,  a  short  distance  west  of  the  station  at  Altoona. 
The  surface  deposit  is  a  sloughy  clay,  which  has  accumulated 
in  one  of  the  saucer  depressions  of  the  Wisconsin  drift.  It 
is  three  feet  thick,  and  below  it  there  is  a  yellow  bowlder  clay 
bearing  numerous  lime  concretions.  The  slough  clay  was  at 
one  time  mixed  with  coal  measure  shale  in  the  ratio  of  one 
to  two.  This  latter  material  was  mined  from  the  Haines  coal 
shaft  near  by,  at  a  depth  of  215  feet. 

The  so-called  fire  clay  underlying  the  vein  was  taken  out 
by  the  miners  from  the  entries  and  runs.  Since  the  coal  seam 
was  undulatory  and  not  very  thick,  the  removal  of  the  under 
clay  was  necessary  to  get  work  room.  This  fire  clay  is  a 
grayish  to  blue  shale,  white  when  first  mined  and  very  plastic. 
It  contains  numerous  pyrite  concretions,  which,  in  the  long 
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exposed  heap  of  clay  used  in  the  factory,  have  been  changed 
into  the  hydrous  oxide.  The  raw  material  is  run  through  a 
Penfleld  corrugated  roller  crusher  and  disintegrator,  then  into 
a  No.  7  Penfleld  plunger.  The  wet  product  is  placed  in 
sheds  and  allowed  to  dry.  After  drying  the  brick  are  burned 
in  two  round  down-draft  kilns.  The  burning  consumes  from 
three  to  three  and  one-half  days;  water-smoking  about  a  third 
of  the  time.  The  brick  and  tile,  the  latter  three  to  eight  inches 
in  diameter,  are  quite  strong,  and,  except  for  occasional  dark 
spots  due  to  the  presence  of  pyrites,  the  general  appearance 
and  color  is  excellent. 

Polk  Oity. — The  C.  Billington  brickyard  is  in  the  southwest 
corner  of  section  35,  Madison  township,  nearly  two  miles 
northwest  of  Polk  City.  Work  was  inaugurated  at  this  point 
about  fifteen  years  ago.  The  yard  is  on  the  upland,  and  the 
material  used  is  from  one  to  ten  feet  thick,  being  entirely 
superficial.  It  is  a  bleached  drift  clay,  and  lower  down  has 
the  jointed  character  typical  for  the  bowlder  clays.  While 
drying  the  brick  are  placed  on  racks  in  roofed  sheds;  they  are 
burned  in  temporary  kilns  in  about  eleven  days.  For  a  hand- 
made article  the  product  is  quite  good.  Its  use  is  almost 
entirely  local. 

Polk  City  Tile  Works. — This  factory,  operated  by  Harmon 
&  Hug,  is  near  the  station,  but  the  raw  material,  which  is  used 
principally  for  drain  tile  from  three  to  twelve  inches  in  diam- 
eter, is  hauled  from  near  the  Des  Moines  river,  a  little  more 
than  a  mile  south  westward.  This  clay  is  of  coal  measure  age 
and  the  greater  portion  of  it  is  of  very  good  quality.  It  is 
mixed  with  drift  clay  taken  from  near  the  plant.  The  bottom 
bed  shown  in  the  pit  from  which  the  coal  measure  clay  is  taken, 
is  a  more  or  less  variegated  shale.  The  lower  third  is  a  dark 
gray  variety  with  some  iron  stainings,  and  containing  certain 
lenses  of  nearly  pure  red  hematite,  which  are  removed  by  the 
disintegrator.  The  upper  portion  is  brick  red  in  color  and 
is  of  excellent  quality.  Above  this  is  a  clean  gray  shale 
which  is  separated  from  the  purple  shale  just  below  the  drift 
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by  a  thin  limestone  ledge.  The  upper  shale  is  three  feet 
thick;  the  color  is  gray  to  red  and  purple.  The  bowlder  clay 
is  of  little  value  since  it  either  bears  many  concretions  of  lime 
or  is  too  arenaceous  for  use. 

The  different    beds  of    the  section  are  mixed    together. 
After  being  run  through  the  Brewer  crusher    and  disinte- 
grator the  mixture  is  put  through  a  Continental  brick  and  tile 
machine,  Tiffany  patent.     This  machine  has  been  in  service 
since  the  erection  of  the  plant  in  1882.     The  product  is  dried 
on  pallets  in  closed  sheds  into  which  are  run  exhaust  steam 
pipes.     Two  common  down-draft  kilns  are  used  in  burning, 
and  four  days  are  required  for  the  process,  the  water  being* 
driven  off  in  a  single  day.     Building  brick  of  a  good  cherry 
red  color  have  been  produced  from  the  material  used  in  mak- 
ing tile,  and  some  fire  brick  for  use  in  the  kilns  have  been 
manufactured  of  the  white  shale  clay  which  is  just  below 
the  base  of  the  section  described.     A  clay  upon  which  rests 
the  coal  vein  at  the  Polk  City  mine  near  the  tile  plant  has 
also  been  used  for  fire  brick.     Both  afford  a  very  fair  grade  of 
brick. 

Campbell, — Thomas  &  Son  have  a  small  drain  tile  and  brick 
factory  just  north  of  Campbell  station.     The  product  is  largely 
drain  tile  in  sizes  from  3's  to  6's.     A  few  brick  are  also  made 
some  seasons.     The  machinery  is  a  horse  power  plunger,  the 
Hocker,  and  the  product  is  dried  in  closed  sheds  to  prevent 
its  cracking.      The  material  for  the  tile  is  taken  from  a 
twelve  foot  bank  of  yellow  bowlder  clay  at  the  foot  of  the 
slope  northwest  across  the  branch.     At  the  northwest  comer 
of  the  cut  a  fine  quality  of  argillaceous  coal  measure  shale 
is  exposed  and  by  digging,  a  heavy  deposit  of  this  shale, 
which  will  do  well  for  brick,  tile  and  other  products,  could 
probably  be    found.      Thus  far  scarcely  anything   but  the 
bowlder  clay  has  been  utilized.     The  process  of  putting  salt 
in  the  burning  kiln,  is  practiced  at  this  yard.     It  is  claimed 
that  by  the  introduction  of  five  or  six  gallons  of  salt  in  each  of 
the  round  down-draft  kilns  a  harder  and  redder  tile  is  secured. 
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liondurarit  Tile  Works. — This  plant  is  owned  and  operated 

by  Mr.  A.  M.  Austin  and  is  located  near  the  Chicago  Great 

Western,  just  west  of  town.     It  was  opened  in  1893,  but  was 

not  operated  during  the  past  season.     The  clay  used  is  a 

slough  clay  and  is  mined  to  a  depth  of  five  feet.     It  is  moulded 

on  a  Penfleld  machine,  dried  under  a  shed  and  burned  in  a 

down-draft  kiln. 

Soils. 

Among  its  sources  of  wealth  Polk  county  has  none  of 
greater  importance  than  its  soil.  The  annual  value  of  the 
farming  products  of  the  county  amounts  to  more  than  the  value 
of  all  the  other  products  combined.  The  county  is  essentially 
a  farming  county.  The  mining  interests,  as  compared  with 
the  agricultural  interests,  are  small. 

The  soils  of  the  county  are  drift  soils.  Throughout  the 
northern  portion,  the  area  mapped  as  Wisconsin  drift,  the  till 
itself  comes  to  the  surface,  being  only  occasionally  covered  to 
any  considerable  thickness  by  pebbleless  material.  The  drift 
soil  is  black,  and  is  usually  not  so  open  as  the  loess  or  allu- 
vium. It  suffers  from  the  disadvantage  of  imperfect  drain- 
age, and  considerable  areas  are  slough-covered,  though  the 
percentage  of  slough  land  is  not  so  great  as  further  back  on 
the  Wisconsin.  The  area  covered  by  modified  drift,  in  part 
imperfectly  drained,  is  usually  more  available.  The  material 
has  been  better  sorted,  is  more  sandy,  and,  except  where  the 
surface  is  too  gravelly,  affords  an  excellent  soil.  The  alluvium 
covers  a  not  inconsiderable  portion  of  the  county  and  is  of 
well  known  value.  The  bottom  lands  of  the  rivers  are  partic- 
ularly well  adapted  to  the  culture  of  corn.  They  are  rarely 
overflowed.  Owing  to  the  fact  that  in  many  cases  the  allu- 
vium forms  merely  a  top  dressing  over  the  gravel  trains  or 
other  drift  with  which  the  old  valleys  were  partially  filled, 
the  bottoms  usually  have  free  underground  drainage. 

Over  the  southern  portion  of  the  county  the  surface  mate- 
rial is  the  loess.  This  rests  upon  the  Kansan  drift,  the  upper 
surface    of   which    is   usually  gravelly.     The    combination 
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affords  a  most  excellent  soil.  The  loess  being  fine  and  hom- 
ogeneous is  easily  worked  and  has  an  important  mechanical 
effect  upon  the  water  content.  The  material  is  so  porous 
that  the  water  instead  of  running  over  runs  down  into  it. 
The  even  regular  texture  makes  the  distribution  of  the  sur- 
face tension  exceptionally  even.  As  a  result,  any  given  area 
of  loess  becomes  a  vast  reservoir,  which,  upon  being  tapped 
by  plants,  gives  up  its  moisture  in  regular  quantity.  This  is  a 
distinct  advantage,  particularly  in  raising  fruit,  and  the  region 
south  of  Des  Moines  should  become  a  great  fruit  region. 
The  farm  of  Berryhill  &  Shaul  is  located  on  a  loess  area,  and 
the  excellent  results  there  obtained  show  what  may  readily  be 
done  with  this  soil. 

Gravels  and  Road  Materials. 

While  the  drift  as  a  whole  contains  avast  amount  of  broken 
rock,  definite  gravel  beds  are  not  always  easy  to  locate.  As 
has  already  been  suggested  the  deposition  of  gravels  by  the 
streams  flowing  out  from  an  ice  sheet  is  a  function  of  the  gen- 
eral attitude  of  the  land.  The  gravels  are  only  possible  when 
there  is  free  drainage  so  that  the  water  may  have  sufficient 
velocity  to  carry  the  material  long  enough  to  sort  it.  These 
conditions  obtained  at  the  time  of  the  Wisconsin  ice  invasion, 
and  as  a  result  we  have  the  gravel  trains  leading  out  from 
the  drift  border.  They  are  well  defined  along  Camp  creek, 
Pour  Mile  and  the  Des  Moines  river. 

In  the  valley  of  Four  Mile,  at  Berwick,  the  Chicago  Great 
Western  railway  takes  gravel  from  a  terrace  rising  twenty 
feet  above  the  stream.  The  stripping,  which  is  removed  by 
scrapers,  consists  of  two  to  two  and  a  half  feet  of  brown  loam 
running  up  into  black  drift.  Below  this  is  twelve  to  fifteen 
feet  of  gravel  resting  on  a  blue  to  green  apparently  pebbleless 
clay.  The  gravel  is  new,  fresh  and  hard.  It  is  cross-bedded 
and  interlaminated  with  some  sand.  It  has  a  fair  percentage 
of  cobbles,  but  very  few  large  stones.  It  shows  very  little 
ferrugination,  no  noticeable  coloration  or  cementation,  and 
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weathered  rocks  are  relatively  rare.  It  is  known  to  extend 
along  the  stream  for  some  distance,  the  terrace  being  easily 
followed.  The  gravel  is  mined  by  a  steam  shovel  and  used 
for  ballast  along  the  railway. 

At  Avon  the  Chicago,  Rock  Island  &  Pacific  railway  has 
gravel  pits  which  have  been  worked  for  eighteen  years.  They 
are  located  upon  the  flood  plain  of  the  Des  Moines  near  the 
station.  The  stripping  consists  of  six  to  eight  feet  of  allu- 
vium, below  which  is  twelve  to  fifteen  feet  of  gravel,  cross- 
bedded,  sajid  streaked,  and  resting  on  fine  sands.  The  extent 
of  the  gravel  is  not  known,  but  the  presence  of  driven  wells 
throughout  the  region  indicates  a  rather  large  area.  It  does 
not  extend  up  North  river,  but  seems  to  belong  to  the  body 
shown  in  the  numerous  abandoned  gravel  pits  in  East  Des 
Moines. 

At  Polk  City  the  Chicago  &  North- Western  railway  has 
gravel  pits  in  the  valley  of  Big  creek.  The  stripping  consists 
of  one  and  one-half  to  three  feet  of  black  loam,  below  which 
the  gravel  is  about  eighteen  feet  in  thickness.  It  is  fresh, 
hard  and  sandy,  as  at  Avon.  It  forms  a  well  marked  terrace, 
appearing  on  both  sides  of  the  valley,  Polk  City  being  built 
upon  one  of  the  benches.  The  terrace  may  be  traced  down 
the  stream  to  its  mouth.  It  appears  at  intervals  along  the 
Des  Moines  valley,  and  is  well  shown  near  Saylorville  and 
Highland  Park,  where  it  has  recently  been  opened  up.  Gravel 
may  be  obtained  from  it  at  a  number  of  points. 

The  Polk  City  gravel  is  of  quite  recent  age,  since  it  forms 
a  part  of  a  terrace  made  in  that  portion  of  the  Des  Moines 
river  valley  which  is  itself  post-Wisconsin.  Reasons  have 
already  been  given  for  thinkiiig  that  the  excavation  of  the 
upper  portion  of  the  Des  Moines  valley  was  relatively  rapid, 
and  the  facts  in  this  case  fit  in  with  that  assumption.  The 
gravels  mark  stages  in  the  retreat  of  the  ice,  but  so  far  they 
have  not  in  all  cases  been  connected  with  definite  moranic 
accumulations.  In  the  valley  of  Camp  creek  the  gravel  train 
may  be  followed  up  the  valley  to  the  point  where  the  Wiscon- 
sin drift  appears,  but  not  beyond. 
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While  the  gravel  occurs  in  the  terraces,  and  farther  from 
the  drift  border  under  the  alluvium,  it  should  not  be  forgotten 
in  locating  gravel  pits  that  there  are  terraces  in  the  region 
which  have  had  other  origin,  and  which  do  not  contain  gravel. 
Neither  is  all  the  g'ravel  in  the  terraces.  The  kames  afford  a 
supply,  and  there  are  in  addition  scattered  patches  and 
aggregates  of  irregular  form,  such  as  occur  between  Polk  City 
and  Crocker.  Throughout  the  northern  portion  of  the  county 
these  gravel  patches  are  common.  They  may  be  looked  for 
anywhere  within  the  Wisconsin  area  as  mapped. 

The  importance  of  the  gravel  patchs,  kames  and  terraces 
arises  from  the  excellent  material  which  they  afford  for  rail- 
way and  road  ballast.  The  gravel  found  at  Highland  Park 
has  recently  been  used  for  making  concrete,  and  the  railways 
have  for  many  years  hauled  gravel  from  Avon  and  Polk  City. 
It  is,  however,  in  connection  with  the  common  roads  that  the 
gravel  beds  are  destined  to  have  their  highest  value.  The 
material  occurring  here  is  mainly  of  hard,  undecomposed  peb- 
bles. In  general  it  is  moderately  coarse  and  much  freer  from 
sand  than  at  many  gravel  pits.  It  has  rarely  been  cemented  at 
all  so  that  it  can  be  easily  worked.  All  that  is  necessary  is  to 
shovel  up  the  material  and  haul  it  to  the  roadway.  In  most 
cases  the  haul  would  be  short,  since  the  grave  patches  are 
quite  widely  scattered  throughout  the  northern  portion  of  the 
county. 

Mine  slack  has  been  to  some  extent  used  for  road  improve- 
ment near  Des  Moines.  It  is  good  material,  and  can  often  be 
used  to  advantage.  It,  with  river  gravels,  must  be  the  main 
reliance  of  the  southern  portion  of  the  county.  The  small 
total  quantity  of  slack  and  its  limited  distribution  as  com- 
pared with  the  gravel,  makes  it  of  less  general  value  than  the 
gravel. 

Some  of  the  slough  clays  resemble  in  character  the  impure 
black  clays  which,  in  Wisconsin  and  Missouri,  are  burned  for 
railway  ballast  and  road  metal.  They  have  not  yet  been  tested, 
but  some,  at  least,  would  probably  be  suitable*     Burned  clay 
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may  be  very  simply  produced  by  hand  process,  at  a  cost  of 
about  50  cents  a  cubic  yard.  A  machine  plant  will  produce  it 
at  from  one-half  to  two-thirds  of  this  price.  It  is  au  excellent 
material,  and  well  adapted  to  road  use. 

Building  Stones. 

The  coal  measures  as  developed  in  the  county  do  not  afford 
any  considerable  quantity  of  good  building  stone.  The  sand- 
stones already  mentioned  have  been  quarried  a  little,  but  are 
of  indifferent  value  in  comparison  with  the  clay  goods  made 
from  the  same  formation.  At  the  foot  of  Capitol  Hill  are  the 
most  extensive  quarries.  These  afford  a  sandstone  which  has 
been  used  for  foundations,  walls,  and  to  some  extent  for  build- 
ings. It  is  stated  that  Fort  Des  Moines  was  built  from  rock 
quarried  at  this  point.  The  material  is  limited  as  to  quantity, 
and  has  little  to  recommend  it  as  regards  either  looks  or 

quality. 

VS^ater  Supplies. 

In  common  with  other  drift  covered  regions  Polk  county  is 
well  supplied  with  water.  Shallow  wells  are  abundant  and 
easily  obtained.  The  gravel  beds  and  more  open  portions  of 
the  drift  afford  valuable  water  horizons.  Below  the  drift 
water  can  commonly  be  found  in  the  coal  measures,  but  it  is 
in  such  cases  so  impregnated  with  minerals  in  solution  as  to 
be  unpalatable.  In  the  underlying  limestones  of  the  Missis- 
sippian  water  has  been  obtained  at  several  points.  The  qual- 
ity is  usually  excellent.  The  most  complete  record  of  the 
lower  water  horizons  .  available  is  that  obtained  from  the 
Greenwood  park  well. 

The  well  obtains  its  water  supply  from  the  Saint  Peter 
sandstone  at  a  depth  of  2,025  feet,  the  elevation  being  872 
feet  and  the  water  head  827  feet  A.  T.  Water  was  first  struck 
in  the  Mississippian  beds  between  498  and  668  feet  below  the 
surface.  This  water  rose  to  842  A.  T.  and  was  heavily  charged 
with  sulphurated  hydrogen  (hydrogen  sulphide).  Apparently 
minor  flows  were  encountered  at  1,011  to  1,208  feet  and  in  the 
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Niagara  at  1,425  water  rose  to  the  surface  and  overflowed  in 
a  quarter  inch  stream.  The  flow  now  used  is  from  the  Saint 
Peter.  It  was  tested  by  pumping  flf ty-two  gallons  per  minute 
for  eighteen  hours,  in  which  time  the  water  was  lowered  125 
feet,  but  rose  again  when  pumping  ceased.  At  2,208  feet  in 
the  New  Richmond  a  stream  with  lower  head  was  struck  and 
the  water  fell  from  866  to  822  A.  T.  At  2,331  it  fell  to  812, 
indicating  a  vein  in  the  lower  Oneota.  No  other  fluctuations 
were  observed  and  on  the  completion  of  the  well  the  water  rose 
to  itis  present  level. 

At  the  court  house  there  is  an  artesian  well  of  small  flow. 
It  is  580  feet  deep  and  probably  derives  its  water  from  the 
Mississippian  or  from  the  beds  immediately  above  that  for- 
mation. 

Near  Saylorville  (Tp.  79  N.,  R.  XXIV  W.,  Sec.  12,  Se.  Qr., 
Ne.  i)  a  boring  was  put  down  to  a  depth  of  1,800  feet,  but  no 
reliable  data  regarding  it  are  available.  In  the  vicinity  (Sec. 
3,  Ne.  qr. ,  Se.  i)  is  a  flowing  well  less  than  400  feet  deep  and 
probably  deriving  its  water  from  the  Mississippian  or  the  basal 
coal  measures.  Its  discharge  is  given  as  above  5,000  gallons 
per  hour. 

Natural  Gas  and  Oil. 

From  time  to  time  finds  of  gas  and  oil  have  been  reported 
from  the  northern  portion  of  the  county.  In  the  year  1895 
such  a  discovery  was  reported  from  the  farm  of  Mr.  Henry 
Davis  located  about  seven  miles  northeast  of  Des  Moines. 
Some  yeai-s  sim»e  a  similar  discovery  was  made  near  Saylor- 
ville and  an  exploring  company  did  some  deep  boring  in  search 
of  larger  supplies.  So  far  as  can  now  be  determined  their 
search  was  wholly  unrewarded. 

In  considering  these  reported  occurrences  it  should  be 
remembered  that  the  region  is  within  the  area  covered  by  the 
Wisconsin  drift  and  that  below  the  latter  a  forest  bed  is  quite 
generally  present.  The  decomposition  of  the  buried  vegetal 
matter  at  this  horizon  is  an  ample  source  for  all  the  gas 
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or  oil  yet  found.  In  no  case,  so  far  as  reported,  has  gas 
been  found  in  the  rock.  In  every  instance  it  occurs  at  slight 
depth  in  the  drift.  The  assumption  that  it  came  up  to  its 
present  position  and  had  its  origin  in  the  rocks  below  is  wholly 
unsupported  by  facts  and  entirely  gratuitous.  So  for  as  pres- 
ent knowledge  extends  there  are  no  reasons  for  expecting 
large  supplies  of  either  gas  or  oil  within  the  county,  though 
it  is  not  impossible  that  some  gas  may  be  found.  The  gas 
wells  of  the  drift  have  at  several  points  in  this  and  other 
states  proven  suflSciently  productive  to  be  of  value  for 
domestic  purposes,  but  not  for  any  thing  more.  In  Kansas 
the  lower  portion  of  the  Des  Moines  formation,  known  as  the 
Cherokee  shales,  has  produced  both  gas  and  oil.  In  that  state 
the  distribution  of  these  materials  is  quite  irregular,  but  is 
limited  to  those  portions  of  the  field  where  the  shales  are 
under  cover.  Since  they  crop  out  at  the  surface  in  Polk 
county  they  have  probably  long  since  lost  any  gas  which  they 
may  have  once  contained. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

Guthrie  county  lies  in  the  west  eeutral  portion  of  the  state, 
being  in  the  fourth  tier  of  counties  east  of  the  Missouri  river, 
and  occupying  a  similar  position  with  reference  to  the  south- 
ern boundary  of  the  state.  Carroll  and  Greene  counties 
bound  it  on  the  north,  Dallas  lies  to  the  east,  Adair  joins  it 
on  the  south  and  Audubon  on  the  west.  It  includes  sixteen 
congressional  townships  and  is  divided  into  an  equal  number 
of  civil  townships.  Owing  to  the  presence  of  a  correction 
line  the  townships  of  the  southern  tier  are  iiregular  in  size 
and  position.  The  county  includes  593  square  miles,  of  which 
a  very  small  percentage  only  is  unavailable  for  farnfing. 

PREVIOUS  GEOLOGICAL  WORK. 

Although  Guthrie  county  offers  exceptional  facilities  for 
geological  research  along  certain  lines,  it  has  never  been 
studied  in  great  detail.  Both  Dr.  C.  A.  White  and  Mr.  O.  H. 
St.  John,  in  the  course  of  their  work  in  Iowa,  spent  some 
time  in  the  county,  and  to  them  our  previous  knowledge  of 
the  region  is  very  largely  due. 

Dr.  White  announced  the  discovery  of  Cretaceous  rocks 
within  the  limits  of  the  county  in  1868.  *  Mr.  St.  John,  in  the 
season  of  1867,  spent  some  time  in  the  region,  his  preliminary 
report  being  published  in  1868.  t  In  the  final  reports  of  the 
survey  numerous  incidental  references  were  made  to  the  rocks 
of  Guthrie  county  by  Dr.  White,  and  a  rather  full  description 
of  its  geology  was  given  by  Mr.  St.  John,  t  At  the  time  this 
work  was  carried  on  the  problems  of  the  drift  were  very 
imperfectly  understood  and  many  wrong  conceptions  obtained, 
so  that  what  was  then  written  about  the  surface  materials  is 
in  some  respects  misleading.  The  first  special  study  of  the 
glacial  deposits  of  this  county  was  that  of  Mr.  Warren  Upham 

•Proc.  Ajner.  A.8.  Adv.  Bel.,  1M8,  XVII,  326-327.   1800. 

t  First  and  Second  Ann.  Bept.  State  Geologist,  pp.  178-801.    Des  Moines,  1868. 
tGeoI.  Iowa,  II,  95-130.    Des  Moines,  1870. 
34  O.  Bep. 
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direction.  It  is  also  probable  that  there  is  a  slight  dip  in  the 
same  direction,  though  this  is  not  great,  and  Vest  of  the  Des 
Moines  the  lower  rocks  are  essentially  horizontal,  as  has  been 
shown  by  Norton,*  and  as  is  indicated  by  the  fact  that  the 
base  of  the  Earlham  limestone,  1,000  feet  above  sea  level  at 
Earlham,  is  found  at  Stuart  at  about  915  A.  T. 

The  Carboniferous  rocks  occuring  at  the  surface  represent 
the  upper  series  which  has  been  called  the  Pennsylvanian  by 
Branner,  but  is  more  generally  known  as  the  Coal  Measure 
series.  The  latter  name  is  hardly  ideal  for  the  reason  that 
the  term  is  used  in  different  parts  of  the  United  States  to 
refer  to  strata  of  widely  differing  age  and  position.  For  this 
reason  also  it  is  thought  better  to  use  the  term  Des  Moines 
and  Missourian  to  refer  to  the  two  divisions  of  the  series 
found  in  Iowa  rather  than  the  older  terms  Lower  and  Upper 
Coal  Measures. 

DES   MOINES   FORMATION. 

In  Guthrie  county  the  beds  present  were  referred  by  St. 
John  mainly  to  the  Middle  Coal  Measures,  t  though  the  pres- 
ence of  both  the  Upper  and  the  Lower  was  recognized.  X  It 
was  principally  from  the  exposures  in  Dallas  and  Guthrie 
counties  that  the  general  section  of  the  Middle  Coal  Meas- 
ures! was  built  up  by  that  author. 

In  the  course  of  the  present  work  in  Polk,  Guthrie,  Dallas 
and  Madison  counties  it  has  been  found  necessary  to  make 
certain  changes  in  this  general  section.  As  given  by  St.  John 
it  included  forty-four  members  divided  into  three  general 
divisions,  an  Upper,  Middle  and  Lower  respectively.  If  one 
will  take  the  plate  published  to  illustrate  the  section!  and 
making  proper  allowance  for  the  variation  in  character  along 
individual  horizons,  compare  the  Upper  and  Lower  divisions 
he  can  hardly  fail  to  be  struck  by  the  similarity.     In  each 

*Iowa  Geol.  Survey,  vol.  VI,  828-384.  1897,  pp. 

tGeol.  Iowa,  II,  104.    1870. 

top.  Oit.,106,  128. 

$Qeol.  Iowa,  1,272-888.    1870. 

I  Opposite  p.  272,  Op  Olt. 
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case  there  are  three  coal  horizons  separated  by  about  the 
same  distances.  In  each  case  the  sequence  above  and  below  the 
coal  horizons  is  closely  similar.  The  limestone  bands  are  found 
in  similar  development  and  order  in  each  division.  The  heavy 
sandstone  (number  35)  which  forms  such  a  well  characterized 
horizon  in  southeastern  Guthrie  county  has  its  corollary  in 
the  lower  division.  For  the  purpose  of  making  this  clearer, 
the  following  table  has  been  prepared,  the  data  being  taken 
from  the  plate  mentioned. 


UPPER  DIVISION. 

LOWER  DIVISION. 

44. 

Arenaceoiis  shales  and  sand8tx>ne. 

18. 

Sandstone. 

43. 

Bituminous  shales. 

17. 

Shales,  blue  and  yellow. 

42. 

Lonsdale  coal 

16. 

Wheeler  coal. 

4L 

Shales,  light  and  blue. 

15. 

Shales,  red  and  yellow. 

40. 

Limestone  (5  feet). 

14. 

Limestone  (3  feet). 

S9. 

Shales,  light,  red,  blue,  arenaceous. 

13. 

Shales,  blue  and  yellow. 

12. 

Shales,  calcareous,  local. 

11. 

Shales,  blue,  yellow. 

38. 

Limestone  (2  feet). 

10. 

Tilniestone  (6  in  -|-). 

37. 

Bituminous  shale 

9, 

Bituminous  shale. 

Coal. 

8. 

Panora  coal. 

36. 

Shale,  yellow  and  blue. 

7. 

Shales,  variegated. 

35. 

Sandstone  (10  feet). 

6 

Sandstone  (10  feet). 

34. 

Shales,     arenaceous,    yellow    and 

5. 

Shales,  light  and  dark  blue,  local 

blue. 

bituminous  shales  with  fossils  at 
base. 

33. 

Marshall  coal. 

4. 

Lacona  coal. 

32 

Shales,  blue  and  yellow. 

3. 

Shales,  light  and  blue. 

31. 

Limestone,  impure,    fragmentary. 

2. 

Limestone,  compact,  gray. 

30. 

Shales,  variegated. 

1. 

Shales,  variegated. 

The  similarity  of  sequence  here  is  certainly  striking.  There 
are  variations  in  the  thickness  of  the  individual  members  not 
shown  by  the  table,  but  these  variations  are  not  greater  than 
can  be  found  in  the  field  by  careful  tracing  of  individual  layers 
from  point  to  point.  In  view  of  the  general  character  of  the 
Des  Moines  coal  measures  it  is  the  persistence  rather  than 
the  reverse  which  becomes  noticeable.  The  similarity  in  the 
fossils  obtained  from  corresponding  beds  is  no  less  striking, 
as  may  be  seen  by  comparing  St.  John's  published  lists  and 
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morainic  topography  extends  but  a  short  distance,  and  usually 
the  greater  roughness  along  the  edge  of  the  Wisconsin  drift 
is,  in  this  county,  due  to  the  nearness  to  the  Raccoon  river 
and  the  consequent  greater  erosion.  Directly  south  of  Bay- 
ard and  between  Willow  creek  and  the  river  is  a  ridge  rising 
fifty  feet  above  the  drift  plain.  It  is  composed  of  Creta- 
ceous sandstone,  and  the  prominence  is  probably  due  to  the 
persistence  of  preglacial  topography. 

The  influence  of  the  Wisconsin  ice  shows  itself  in  the  Rae- 
<ioon  valley  in  two  ways.  At  many  points  there  is  a  gravel 
terrace  which  rises  twenty  to  twenty-five  feet  above  the  water. 
It  is  usually  wider  than  the  widest  alluvial  plain,  and  is  gen- 
etically related  to  the  Wisconsin  drift.  At  Bock  Bluffs  and 
along  the  lower  portion  of  the  Raccoon  river  the  ice  pushed 
over  into  the  valley,  so  that  one  finds  a  bluff  face  which  has 
not  been  modified  and  does  not  show  normal  erosion.  In  gen- 
eral, however,  the  Raccoon  valley  is  but  slightly  influenced 
by  the  Wisconsin  ice. 

The  topography  of  the  area  covered  by  the  Wisconsin  drift 
lias  not  been  fashioned  by  streams  and  it  has  been  only 
slightly  influenced  by  them.  In  this  regard  it  stands  in  sharp 
contrast  with  that  outside  the  Wisconsin  limits.  In  this  south- 
em  portion  of  the  county  the  land  forms  are,  as  has  been  said, 
erosion  forms.  They  have  been  developed  upon  the  drift  sur- 
face by  the  action  of  weathering  and  running  water.  In  part, 
this  water  has  been  concentrated  in  gullies  and  ravines  and 
has  taken  the  form  of  rivulets,  creeks  and  rivers.  In  part  it 
has  acted  as  a  broad  sheet  over  wide  surfacfes.  By  these  two 
methods  of  erosion  the  land  forms  have  been  developed.  The 
two  different  modes  of  action  have  produced  two  different 
forms  of  surface  which  in  cross-section  yield  different  curves. 
"These  curves,  as  developed  in  the  region  under  discussion, 
are  so  well  developed,  so  characteristic,  and  reveal  this  region 
so  clearly  that  a  brief  description  of  them  may  not  be  out  of 
place. 
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The  materials  in  which  the  erosion  has  taken  place,  wblla 
somewhat  diverse,  are  in  a  general  way  homogeneouM.  They 
include  drift,  soft  sandstones  and  shales.  These  materlaU 
weather  and  erode  differentially,  and  yet,  in  a  broad  way,  the 
action  is  uniform.  The  differences  induced  by  differential 
weathering  are  slight,  are  not  at  first  operative,  and  in  the 
end  serve  merely  to  modify  the  general  results.  The  enmion 
dates  in  the  main  from  the  retreat  of  the  Kansan  ice,  and  with 
exceptions  to  be  noted  later,  the  surface  may  be  considered  to 
have  been  at  that  time  a  fairly  even  drift  surface.  The  region 
is  then  one  in  which  there  has  been  long  continued  eremupn 
upon  an  even  plain  of  relatively  homogeneous  mafceriaL  The 
erosion  has  been  so  long  continued  that  the  country  ii^aimoi^t 
wholly  reduced  to  slope.  The  slopes,  however,  are  not  ail  of 
the  same  character.  The  general  surface  \»  trenched  by  a 
system  of  major  valleys,  which  are  cut  about  1/K>  feet  bel/>w 
the  general  upland  leveL  These  larger  valleys  have  a  weil 
developed  system  of  secondaries  which  in  turn  HiipiM^rt  Utr- 
tiaries,  all  developed  regularly,  and  together  ^KfVHrm^  tiie 
countrv  with  a  network  of  water  courses  and  raviae«,  ii^^/^k 
from  each  valley  proper  there  is  a  long  gentle  >»lo}>e  to  the 
divide  between  it  and  some  neighVxiring  valley.  The  teloj>ei* 
near  the  streams  are  quite  pronoun^^^^l,  oiUtn  l^e^'^oming  weJJ 
marked  bluffs-  The  general  upla-nd  hJojx:?  \%  wnry  geulJe,  awd 
often  is  hardly  to  be  n^Au'^L  The  upland  hloi^t  a/id  i)ii*  \}\}\H*.r 
portion  of  the  bluff  feloj^eb  are  ^^ynvt-x  'i'be  Jow^^r  j^/Kivn  of 
the  bluff  slope  where  it  joim*  the  fl<»<J  plaiu  \h  ^'//n^r^vi"..  Th^ 
convex  slopes  alK>ve  lose  their  <i^jS}Viixiiy  aiid  iii\)\)y<r4^'\x  uxor^ 
nearly  to  a  plain  aiS  tijte  ^Jifetan^^jj  frowj  the  bluff  in^TeaMTJte. 
The  coneave  blo]>eib  b^iow  o^m-^y  im^.  hmsitt  Law,  Ojk,'  ib  t.'i*f 
reverse  of  the  otuen  ta*::  two  tuMtriiu/  itj  lh<-  hivdvp  bluff  i'^uk% 
The  concave  blope^^  ar^  n<A  >**>  <jon>>pu'UouJh  anO  af«'  ai^l  V^  ♦>? 
overlooked.     Ab  oue  p<u>»>«-i^  ov^^r  t*i<;  ^ivu^^^rv  ii  ih  tii*;  ^ouy. 

sweeping"  OOUV<:fX  ^>l'>»;>«?b.    ni<M;/i«,y   l^y    ^j«*;M<;<-h   tntotii<'    <i    liiOrtt 

plain  linete  oft!!*-  vj^u^fi'J.  w.'-*;  fiiiik*'  i*i«'  y»«;uU^^.*  Mf';M-<?iV5,of . 
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product  of  weathering*  and  the  concave  slope  as  the  curve  of 
erosion.  +  For  the  region  under  discussion,  however,  this 
does  not  seem  to  hold  true.  The  very  gentle  upland  slope, 
hardly  to  be  called  a  curve,  though  merging  into  the  convex 
curve  of  the  bluflf,  is  developed  in  the  region  which  has  been 
moulded  by  weathering  agencies.  The  sharply  convex  slope 
of  the  bluff  is  at  the  point  where  erosion  is  most  active.  The 
concave  curve  appears  only  where  there  has  been  deposition 
coupled  with  erosion.  This  seems  to  hold  true  for  the  whole 
region,  and  one  is  forced  to  reject  the  concave  as  the  normal 
curve  of  erosion  if  this  region  represents  average  conditions. 
This  does  not  of  course  apply  to  the  general  curve  of  the  whole 
of  a  river  profile  which  is  well  known  to  be  concave;  nor  does 
it  apply  to  curves  produced  by  the  erosion  of  alternating  hard 
and  soft  strata  where  concave  curves  are  often  produced  in 
the  manner  discussed  by  Noe  and  Margerie.t 

McGee§  has  noted  the  prevalence  of  concave  forms  on  the 
land,  and  has  interpreted  them  as  expressing  the  "law  of  land 
profiles"  as  contrasted  with  the  "lawo:J  water  course  pro- 
files," yielding  concave  curves.  Gannett  Ij  seems  to  have 
had  much  the  same  idea  in  speaking  of  the  convex  curve  as 
the  ''curve  of  the  terrain,"  and  the  concave  as  the  ''curve  of 
the  valley."  As  has  been  shown  elsewhere  the  normal  pro- 
cesses of  erosion  on  homogeneous  material  tend  to  develop 
convex  curves.  ^^  In  the  stream  ways  the  potential  excess  of 
transportation  over  erosion  leads  to  undercutting  and  the 
development  of  concave  curves.  These  are  essentially  similar 
to  the  curves  originating  through  alternating  hardness  of 
strata.  The  concave  curves  along  the  valley  sides  arise,  how- 
ever, as  a  result  of  deposition. 

The  sandstones  of  the  Dakota,  the  limestones  of  the  Mis- 
sourian,  and  the  sand  and  limestones  of  the  Des  Moines  all  tend 


*Hlck8:    Science,  Bui.  Geol.  Soc.  A>m.,  vol.  IV,  p.  185.    1893. 

tQilbert:  Geol.  Benry  Mts..  p.  110.    1880. 

:^Noe  et  Margerle,  Les  Formes  du  Terrain,  p.  24, 28,  et  aeq.    Paris,  1888, 

9 Eleventh  A.nn.  Kept:    U.  S.  Geol.  Bury.,  p.  246.    1891. 

IMon:    XXII,  U.  8.  Geol.  Bury.,  p.  143.    1898. 

Hlowa  Geol.  Sary.,  vol.  VI,  pp.  449-458.    1807. 
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to  break  up  the  general  curves  developed  on  the  drift.  Where 
the  indurated  rocks  occur  along  the  streams,  they  usually 
show  as  shoulders  on  the  valley  side,  or  as  steep  precipitous 
bluflfs.  The  presence  of  the  Cretaceous  is  frequently  detected 
by  these  shoulders,  of  which  an  excellent  example  may  be 
seen  about  a  mile  south  of  Dale  City  on  Beaver  creek.  The 
sandstone  is  here  grassed  over  but  shows  a  well  defined  bench 
which  is  particularly  well  shown  where  minor  streams  come 
down  the  bluff  face.  The  drift  itself,  however,  often  shows 
exceedingly  steep  slopes,  so  that  the  latter  can  not  always  be 
taken  as  indicative  of  the  presence  of  rock. 

TABLE  OF  ELEVATIONS. 

In  the  following  table  is  given  the  elevation  of  most  of  the 
towns  in  the  county  or  near  its  borders.  The  figures  are  taken 
from  the  profiles  of  the  Chicago,  Milwaukee  &  St.  Paul  and 
the  Chicago,  Rock  Island  &  Pacific  railways,  and  revised  to 
agree  with  Gannet's  Dictionary  of  Altitudes. 

Adair J,415 

Bagley — 1,166 

Bayard 1,237 

Casey 1,237 

Coon  Rapids 1,178 

Dexter 1,167 

Glendon  1,047 

Guthrie  Center 1,076 

Herndon... 1,064 

Jamaica l 1,041 

Menlo 1,271 

Montieth '. 1,045 

Stuart 1,216 

DRAINAGE. 

The  streams  of  Guthrie  county  belong  to  two  separate  sys- 
tems. In  the  southwestern  portion  of  the  area  are  a  few 
minor  waterways  which  drain  into  certain  tributaries  of  the 
Missouri;  the  major  portion  of  the  county  is  drained  by  vari- 
ous branches  of  the  Raccoon  river,  which  itself  empties  into 
the  Des  Moines,  through  which  the  waters  find  their  way  into 
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the  Mississippi*  The  watershed  between  the  tributaries  of 
the  two  great  master  streams  of  the  continental  interior 
traverses  the  country.  In  Bear  Grove  township  it  separates 
the  headwaters  of  Troublesome  creek  from  those  of  Seeley 
creek,  and  in  Grant  township  it  forms  a  barrier  between 
Crooked  creek  and  the  upper  branches  of  Middle  river.     At 

m 

Adair,  near  the  southwestern  corner  of  the  county,  the  water- 
shed is  crossed  by  the  Chicago,  Rock  Island  &  Pacific  rail- 
way at  an  elevation  of  about  1,400  feet.  From  this  point  the 
country  slopes  down  toward  the  east  to  the  Mississippi  river 
at  Rock  Island  542  A.  T.,  in  a  distance  of  about  200  miles 
measured  direct.  Toward  the  west  the  surface  declines  to 
the  Missouri,  962  A.  T.  at  Omaha,  in  about  seventy  miles. 
The  watershed  is  not  a  marked  physiographic  feature  but  may 
be  traced  by  the  heading  of  the  streams. 

The  pronounced  differences  in  topography  already  noted 
are  reflected  in  the  streams  of  the  county.  The  area  covered 
by  the  Wisconsin  has  immature  drainage.  Small  lakes  and 
surface  pools  are  found.  Swales  or  sloughs  are  not  uncom- 
mon, and  the  few  streams  which  occur  represent  the  young- 
est type  of  newly  formed  rivers.  They  have  no  well  marked 
valleys  but  flow  rather  through  a  series  of  loosely  connected, 
low-lying  swales  in  the  drift.  They  are  rarely  timber  marked. 
Such  a  stream  is  Mosquito  creek  in  Richland  township,  flow- 
ing into  the  Raccoon  river  near  Redfield  in  Dallas  county. 
Willow  creek  in  Highland  and  Bays  branch  in  Cass  township 
are  streams  essentially  similar  except  in  their  lower  reaches. 

In  the  area  lying  without  the  Wisconsin  limits  the  drainage 
is  much  more  complete.  The  county  as  a  whole  is  traversed 
from  northwest  to  southeast  by  both  South  and  Middle  Rac- 
coon rivers.  These  two  streams  nearly  parallel  each  other 
the  entire  distance  and  are  from  three  to  seven  miles  apart. 
For  more  than  half  the  distance  the  narrow  strip  of  land 
between  the  two  is  cut  by  Brushy  Fork,  which  runs  parallel  to 
the  two  rivers  to  near  Monteith,  where  it  joins  the  South 
Raccoon.     These  three  streams  are  of  the  type  of  long,  nar- 
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row,  non-branching  streams  and,  with  the  exception  of  South 
Raccoon,  they  receive  comparatively  few  tributaries.  The 
latter  stream  receives  a  number  of  branches  from  the  south- 
west, including  Seeley,  Bear,  Beaver  and  Deer  creeks.  Long 
branch  and  several  minor  streams.  These  tributary  streams 
are  of  the  short,  branching  type.  They  divide  and  sub-divide 
until  the  whole  area  is  cut  up  by  a  complex  network  of  minor 
stream-ways  such  as  mark  a  well  developed  drainage  system. 

Between  the  headwaters  of  the  tributaries  of  South  Rac- 
coon and  the  Missouri-Mississippi  watershed  is  a  narrow  strip 
of  country  traversed  by  Middle  river  and  its  branches  and 
touched  by  North  river.  In  general  appearance  this  latter 
region  resembles  that  drained  by  the  Raccoon  river.  Middle 
river  is  here  a  very  minor  stream  but  in  a  general  way  paral- 
lels, and  may  be  classed  with,  the  Raccoon. 

The  county  is,  then,  divided  into  two  areas;  one  is  of  imma- 
ture drainage,  coextensive  with  the  Wisconsin  area,  another 
of  very  mature  and  well  developed  drainage  coextensive  with 
the  Kansan  loess  covered  area. 

The  contrast  between  the  topography  and  the  drainage  of 
the  two  portions  of  the  county  is  manifestly  largely  a  contrast 
of  age.  Both  have  the  same  underlying  rocks  and  structure, 
both  are  covered  by  drift,  and  both  have  about  the  same  ele- 
vation. One  is,  however,  covered  by  a  later  drift  sheet  than 
the  other,  and  the  differences  in  drainage  and  topography  are 
but  the  expression  of  this  fact.  The  more  complete  drainage 
of  the  southwest  is  a  result  of  the  greater  lapse  of  time  since 
the  retreat  of  the  ice. 

The  streams  of  the  extra- Wisconsin  area  are  in  the  main  of 
post- Kansan,  pre-loess  age.  Portions  of  some  of  the  valleys 
seem  to  be  earlier  than  the  drift,  but  the  system  as  a  whole  is 
later.  It  is  pre-loessial  since  the  loess  runs  down  into  and  par- 
tially fills  the  valleys..  It  is  not  earlier  than  the  drift  since 
the  divides,  so  far  as  can  be  ascertained,  are  not  made  of  drift- 
veneered  rock  but  are  almost  wholly  drift.  The  surface  of 
the  rock  seems  to  have  been  a  fairly  even  plain  when  the  ice 
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invaded  it.  The  valleys  present  at  that  time,  while  to  some 
extent  taken  advantage  of  by  the  present  streams,  do  not  seem 
to  have  been  generally  perpetuated. 

The  most  striking  anomaly  in  the  drainage  is  the  parallelism 
oi  the  three  streams,  Middle  and  South  Raccoon  and  Brushy 
Fork.  No  very  satisfactory  reason  for  this  parallelism  can  be 
offered.  The  streams  bear  no  definite  relations  to  the  under- 
lying rocks  since  they  maintain  their  courses  regardless  of 
both  lithological  variations  and  changes  of  dip  and  strike. 
They  were  not  conditioned  by  the  edge  of  the  Wisconsin  since 
the  valleys  were  cut  much  as  they  are  now  before  the  Wis- 
consin came  into  the  region,  and  furthermore  because  the 
later  ice  did  not  reach  Brushy  Pork  or  South  Raccoon,  and 
only  touched  a  portion  of  the  valley  of  Middle  Raccoon. 
Since  the  general  direction  seems  to  have  been  developed 
upon  the  Kansan  drift  before  the  streams  had  cut  through  it, 
it  is  probably  due  to  some  factor  of  the  Kansan  ice,  possibly 
indicating  a  series  of  halts  in  the  retreat  of  the  ice  with  the 
development  of  successive  streams  parallel  to  its  front. 

STRATIGRAPHY. 

GENERAL  RELATIONS  OF  STRATA. 

The  rocks  of  Guthrie  county  include  representatives  of  the 
three  great  groups,  Paleozoic,  Mesozoic,  and  Cenozoic.  The 
first  is  represented  by  the  shales,  coals,  limestones  and  sand- 
stones of  the  Carboniferous.  These  beds  are  exposed  along 
the  streams  and  occur  immediately  beneath  the  drift  through- 
out the  eastern  portion  of  the  county.  Over  them  and  beneath 
the  drift  of  the  central  and  western  portions,  the  Mesozoic  is 
represented  by  the  sandstones,  gravels  and  clays  of  the  Cre- 
taceous. Over  the  whole  county,  mantling  and  concealing 
the  indurated  rocks,  are  the  unconsolidated  gravels,  sands, 
clays  and  drift  deposits  of  the  Pleistocene.  The  Carbonifer- 
ous, Cretaceous  and  Pleistocene  are  separated  from  each 
other  by  unconformities  indicative  of  long  time  intervals  and 
much  erosion.  The  rank  of  the  different  beds  is  indicated  in 
the  accompanying  table. 
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GROUP. 

SYSTEM 

SERHS. 

STAGE. 

• 

Pleistocene. 

Recent. 

Alluvial. 

Cenozoic. 

Glacial. 

Wisconsin 

lowan 

Kansan. 

Mesozoic. 

Cretaceous 

Upper  Cretaceous. 

Dakota. 

Paleozoic. 

Carboniferous 

Upper  Carboniferous. 

Missourian. 
Des  Moines. 

CARBONIFEROUS. 

The  Carboniferous  of  the  Mississippi  valley  is  made  up  of 
two  series  of  strata.  The  lower  or  Mississippian  series  does 
not  occur  in  Guthrie  county,  being  buried  by  later  beds.  It  is 
known  throughout  this  region  from  well  borings  only.  No 
record  of  any  well  within  the  county  which  reached  the  Mis- 
sissippian is  available,  so  that  the  thickness  of  the  coal  meas- 
ures cannot  be  positively  stated.  Two  well  borings  in  the 
southwestern  portion  of  Dallas  county  passed  through  the 
coal  measures  and  into  the  underlying  Saint  Louis.  These 
indicated  a  thickness  of  about  400  to  540  feet  of  coal  measures 
between  the  Winterset  and  Saint  Louis  limestones.  At  Des 
Moines  certain  borings*  show  that  a  total  thickness  of  about 
the  same  amount,  though  the  rocks  at  that  place  are  consid- 
erably below  the  horizon  of  the  Winterset  limestone.  The 
Saint  Louis  was  found  at  a  depth  of  498  feet,  or  at  374  A.  T.  in 
the  Greenwood  Park  well.f 

While  the  various  borings  in  Polk  and  Dallas  counties  do 
not  give  uniform  results  it  seems  probable  that  the  base  of  the 
coal  measures  lies  probably  at  about  600  A.  T. ,  or  at  a  depth 
of  550  to  650  feet  below  the  upland  of  the  eastern  portion  of 
Guthrie  county.  Farther  west  this  horizon  would  be  reached 
at  greater  depth,  because  of  the  rise  of  the  surface  in  that 

♦Geol.  Polk.  Oo ,  Iowa  Geol.  Surv.,  vol.  VII. 
tNorton:    Iowa  Geol.  Surv  ,  vol.  VI,  p.  299.    1897. 
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direction.  It  is  also  probable  that  there  is  a  slight  dip  in  the 
same  direction,  though  this  is  not  great,  and' west  of  the  Des 
Moines  the  lower  rocks  are  essentially  horizontal,  as  has  been 
shown  by  Norton,*  and  as  is  indicated  by  the  fact  that  the 
base  of  the  Earlham  limestone,  1,000  feet  above  sea  level  at 
Earlham,  is  found  at  Stuart  at  about  915  A.  T. 

The  Carboniferous  rocks  occuring  at  the  surface  represent 
the  upper  series  which  has  been  called  the  Pennsylvanian  by 
Branner,  but  is  more  generally  known  as  the  Coal  Measure 
series.  The  latter  name  is  hardly  ideal  for  the  reason  that 
the  term  is  used  in  different  parts  of  the  United  States  to 
refer  to  strata  of  widely  differing  age  and  position.  For  this 
reason  also  it  is  thought  better  to  use  the  term  Des  Moines 
and  Missourian  to  refer  to  the  two  divisions  of  the  series 
found  in  Iowa  rather  than  the  older  terms  Lower  and  Upper 
Coal  Measures. 

DES   MOINES  FORMATION. 

In  Guthrie  county  the  beds  present  were  referred  by  St. 
John  mainly  to  the  Middle  Coal  Measures,  f  though  the  pres- 
ence of  both  the  Upper  and  the  Lower  was  recognized,  t  It 
was  principally  from  the  exposures  in  Dallas  and  Guthrie 
counties  that  the  general  section  of  the  Middle  Coal  Meas- 
ures! was  built  up  by  that  author. 

In  the  course  of  the  present  work  in  Polk,  Guthrie,  Dallas 
and  Madison  counties  it  has  been  found  necessary  to  make 
certain  changes  in  this  general  section.  As  given  by  St.  John 
it  included  forty-four  members  divided  into  three  general 
divisions,  an  Upper,  Middle  and  Lower  respectively.  If  one 
will  take  the  plate  published  to  illustrate  the  section!  and 
making  proper  allowance  for  the  variation  in  character  along 
individual  horizons,  compare  the  Upper  and  Lower  divisions 
he  can  hardly  fail  to  be  struck  by  the  similarity.     In  each 

*lowa  Geol.  Survey,  vol.  VI,  388-884.  1897,  pp. 

tQeol.  Iowa,  II,  104.    1870. 

$0p.  Oit.,106,  128. 

tOeol.  Iowa,  I,  272-288.    1870. 

I  Opposite  p.  272,  Op  Olt. 
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case  there  are  three  coal  horizons  separated  by  about  the 
same  distances.  In  each  case  the  sequence  above  and  below  the 
coal  horizons  is  closely  similar.  The  limestone  bands  are  found 
in  similar  development  and  order  in  each  division.  The  heavy 
sandstone  (number  35)  which  forms  such  a  well  characterized 
horizon  in  southeastern  Guthrie  county  has  its  corollary  in 
the  lower  division.  For  the  purpose  of  making  this  clearer, 
the  following  table  has  been  prepared,  the  data  being  taken 
from  the  plate  mentioned. 


UPPER  DIVISION. 

LOWER  DIVISION. 

44. 

Arenaceous  shales  and  sandstone. 

J  8. 

Sandstone. 

43. 

Bituminous  shales. 

17. 

Shales,  blue  and  yellow. 

42. 

Lonsdale  coal 

16. 

Wheeler  coal. 

41. 

Shales,  light  and  blue. 

15. 

Shales,  red  and  yellow. 

40. 

Limestone  (5  feet). 

14. 

Limestone  (3  feet). 

S9. 

Shales,  light,  red,  blue,  arenaceous. 

13. 

Shales,  blue  and  yellow. 

12. 

Shales,  calcareous,  local. 

11. 

Shales,  blue,  yellow. 

38. 

Tiimestone  (2  feet). 

10. 

Limestone  (6  in  +). 

37. 

Bituminous  shale 

9. 

Bituminous  shale. 

Coal. 

8. 

Panora  coal. 

36. 

Shale,  yellow  and  blue. 

7. 

Shales,  variegated. 

36. 

Sandstone  (LO  feet). 

6 

Sandstone  (10  feet). 

34. 

Shales,     arenaceous,    yellow 
blue. 

and 

5. 

Shales,  light  and  dark  blue,  local 
bituminous  shales  with  fossils  at 
base. 

33. 

Marshall  coal. 

4. 

Lacona  coal. 

32 

Shales,  blue  and  yellow. 

3. 

Shales,  light  and  blue. 

31. 

Limestone,  impure,    fragmentary. 

2. 

Limestone,  compact,  gray. 

30. 

Shales,  variegated. 

1. 

Shales,  variegated. 

The  similarity  of  sequence  here  is  certainly  striking.  There 
are  variations  in  the  thickness  of  the  individual  members  not 
shown  by  the  table,  but  these  variations  are  not  greater  than 
can  be  found  in  the  field  by  careful  tracing  of  individual  layers 
from  point  to  point.  In  view  of  the  general  character  of  the 
Des  Moines  coal  measures  it  is  the  persistence  rather  than 
the  reverse  which  becomes  noticeable.  The  similarity  in  the 
fossils  obtained  from  corresponding  beds  is  no  less  striking, 
as  may  be  seen  by  comparing  St.  John's  published  lists  and 
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as  will  be  brought  out  later.  Below  number  30,  as  given  above, 
is  a  thin  shale  sequence  resting  upon  a  buflf  fragmentary  lime- 
stone (number  26),  which  is  one  of  the  easiest  horizons  to 
recognize  in  the  field.  This  in  turn  rests  on  a  sequence  of  varie- 
gated predominantly  arenaceous  shales  corresponding  in  char- 
acter in  a  general  way  to  the  main  portion  of  St.  John's  mid- 
dle division. 

Numbers  26  to  44  of  St.  John's  section  may  be  readily  rec- 
ognized throughout  the  southeastern  portion  of  Guthrie 
county  and  will  be  illustrated  in  the  sections  to  follow. 

The  lower  beds  of  this  section  are  seen  on  Middle  Raccoon 
river  near  the  old  Tann  mill,  southwest  of  Linden  (Tp.  79  N. , 
R.  XXX  W.,  Sec.  25,  Ne.  qr.,  Sw.  }).  As  now  shown  the  sec- 
tion is  in  part  talus  covered,  but  at  the  time  St.  John  visited 
it  was  quite  well  exposed.  He  gives*  a  careful  section  which 
is  reproduced  below  with  a  few  changes  necessitated  by  pres- 
ent studies.  Opposite  the  numbers  of  the  section  are  numbers 
corresponding  to  the  place  of  the  bed  indicated  in  the  general 
section.    The  beds  best  exposed  now  are  numbers  10, 12  and  15. 

TANN  MILL  SECTION. 
GBR'L  SECTION 

NUMBER.  FBVT.     INCHES. 

16.    Drift,  Kansan 6  4 

40  15     Limestone,  thin  bedded,  buflf  with  Pro- 

ductus  corRf  Cbonetes  gr&nulitcra 
&nd  Atbjrris  subtilita I  6 

39  14.    Shales,   gray,  argillaceous;  becoming 

blue  below  and  carrying  Lopopbjl- 
lum,  Productus  puBCtatus,  P.  loBff' 
ispinus,  Cbonetes  granuliAra,  Der- 
by  a  crassB,  Spirt fer  kentuckensiSy  S, 
plano-convexaf  Atbytis  subtilitay 
Hustedia  mormoniy  Belleropbon  car- 
boaaria,  etc 20 

38  13.     Limestone,  nodular,  impure... 6 

37  12.    Shales,  bituminous,   mixed  with  im- 

purecoal 1  6 

36  11.    Shales,  light  colored 8 

35  10.    Sandstone,  coarse,  yellow,  with  flakes  of 

coaly  matter  and  remains  of  poorly 
preserved  Neuropteris 10 


♦Op.  Olt.,  p.  112. 
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Om'L  SBCTION 

NUMBEB.  FBST.  INCHES. 

34  9.    Shales,  arenaceousi  blue  and  yellow  ..    3 

33  8     Coal,  impure 6 

32  7.     Shales,  dark  and  light  blue 7 

31  6.     Limestone,  thin,  irregular 1 

5.     Shales,  blue 2 

4.  Limestone,  earthy,  irregularly  bedded 
with  Prodactus  muricatus^  P,  cora, 
Derhya  crassa^  Atbyria  sabtilitay 
Spirifer  plantxonrcjuiy   Rbyncbon- 

ellauta^  etc. 1  6 

3.    Shales,  blue 1 

2.    Limestone,  impure,  many  P.  coray  P, 

muricatas  and  Cbonetes  mesoloba..    1 
1.     Shales,  blue  and  gray,  exposed  about 

twenty-five  feet  above  the  river 2 

About  three  quarters  of  a  mile  north  of  the  exposure  just 
described,  Mr.  St.  John  found  the  same  beds  exposed  along 
Hooks  branch  at  a  somewhat  higher  level.  Under  a  coal 
seam  taken  to  represent  number  8  were  three  limestone  beds 
corresponding  to  numbers  2,  4,  and  6.  Below  these  the  fol- 
lowing section  extended  down  to  the  river.  * 

HOOKS  BRANCH  SECTION.      ' 

WMET. 

11.    Shales,  red,  blue   and  yellow  in  color,  with  nodular 
bands;      Prodactus   muricatus,   P.    cora,    Atbyris 

anbtilita -    6 

10.    Limestone,  impure,  shaly 2 

9.    Clays,  blue  and  reddish,  with  a  band  of  fosiliferous 
shale  near  the  top,  carrying  Spirifer  plano-conrexa 

and  Petrodus 8 

8.    Shales,  in  part  argillaceous,  blue  to  red;  in  part  are- 
naceous! yellow,  and  becoming  shaly  sandstone  at 

the  top - 17 

7.    Sandstone,  compact  to  shaly,  gray,  with  Pfodactus 

cora,  Derby  a  craasa  (?)  Myalina,  sp.  und 1 

6     Clays,  yellowish  and  blue,  gritty,  merging  above  into 

soft,  gray,  arenaceous  shale 12-  13 

5.    Unexposed 15-  25 

4.    Shales,  blue 15 

3.    Shales,  calcareous  and  bituminous,  dark  gray  to  drab; 
Prodactus  muricatas  very  abundant,  Derby  a  crasaa 

(?)  A  tbyris  subtUita  and  a  minute  gasteropod li 

2.    Coal i+ 

1.    Shales,  blue  to  river .'. —    1 

•Op.  Oit.,  p.  U6. 


432 


GEOLOGY  OF  GUTHRIE  COUNTV. 


Passing  east  from  the  Tann  Mill  section  there  are  numer- 
ous exposures  along  the  river.  The  strata  rise  and  pass  over 
an  anticline,  as  has  been  worked  out  by  Mr.  A.  G.  Leonard.* 
Beyond  this  anticline  the  general  sequence  already  noted  is 
found  in  the  hill  tops  and  below  the  sandy  member  correspond- 
ing to  the  "Middle"  division  (19-26)  of  St.  John  is  a  series  of 
beite  extending  along  the  river  down  to  and  connecting  with 
the  section  worked  out  by  Keyes.  t  These  lower  beds  as  found 
by  Mr.  Leonard  do  not  correspond  to  beds  1-18  of  St.  John's 
section,  and  can  not  be  correlated  with  them.  The  Guthrie 
county  exposures  do  not  show  anything  corresponding  to  them, 
and  the  revised  section  leads  inevitably  to  the  conclusion  that 
the  lower  portion  of  the  old  section  is  in  error.  This  conclu- 
sion must  rest  mainly  upon  the  evidence  from  Dallas  county 
since  the  exposures  between  the  Tann  Mill  section  and  Panora 
are  not  sufficient  to  allow  very  exact  correlation.  Such  as 
occur,  however,  accord  nicely  with  the  view  that  the  expos- 
ures in  and  near  Panora  belong  with  those  of  the  southern 
portion  of  the  county  rather  than  below  them. 

About  three  miles  northwest  of  the  Tann  Mill  section  is  a 
group  of  small  mines,  near  one  of  which,  the  Dygart  (Tp.  79 
N.,  R.  XXX  W.,  Sec.  16,  Se.  qr.),  the  following  section  is 
exposed  not  far  above  the  river. 


DYGART  MINE  SECTION. 
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Still  nearer  Panora,  at  the  mouth  of  Bays  branch,  is  a  second 
group  of  small  mines,  all  of  which  are  now  abandoned.  The 
coal  formerly  worked  has  been  called  the  Panora  horizon,  but 
seems  to  represent  number  37  of  the  general  section.  It  is 
exposed  in  the  bluffs  not  far  above  the  river.  The  following 
section  at  this  point  is  given  by  Keyes. 


7.  Drift... 4 

6.  Limestone,  impure 3 

5.  Shale,  dark  drab 8 

4.  Limestone,  impure,  bituminous... i 

3.  Shale,  black,  carbonaceous li 

2.  Panora  coal 1 

1.  Shale,  light  colored  and  variegated;  exx>08ed, 10 

There  are  good  exposures  along  the  river  in  the  vicinity  of 
Panora,  and  the  mining  development  there  has  made  known 
something  of  the  geology  of  the  underlying  beds.  At  the 
clay  pit  of  the  Panora  Brick  &  Tile  Co.  is  shown  an  impure 
coal  with  bituminous  shale,  which  marks  the  horizon  just 
noted.  The  limestones  which  usually  accompany  this  coal 
bed  are  not  well  shown.  The  section  varies  in  different  parts 
of  the  pit,  but  is  in  general  as  follows: 


3.    Shale  clay,  argillaceous,  red 12 

2.  Coal  and  bituminious  shale 2 

1.  Shale,  argillaceous-sandy,  blue  to  white  with  irregu- 

lar bands  of  calcareous  material;  exposed  to  within 
six  feet  of  the  river 18 

• 

Near  this  section  and  above  the  coal  is  a  small  quarry  in  a 
gray  sandstone.  The  latter  is  irregularly  bedded  and  broken. 
It  is  coarse-grained  and  quite  full  of  broken  bits  of  plant 
remains.  Similar  stone  is  exposed  in  the  old  quarries  west  of 
town,  where  the  following  beds  may  be  examined. 

TMET, 

3.  Drift 6  -f- 

2.  Shale,  sandy,  light  colored 2-  4 

1.    Sandstone,  coarse-grained  to   conglomeratic,  with 

bituminous  shaly  partings 6-10 

The  position  and  significance  of  this  sandstone  will  be  dis- 
cussed later. 

35  G.  Bep. 
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On  the  south  side  of  the  river  coal  has  been  mined  for  some 
time.  Three  seams  are  known  to  be  present.  In  the  top  of 
the  hills  is  a  very  thin  seam  which  here  is  of  no  value.  It 
apparently  represents  the  horizon  of  the  Lonsdale  coal.  About 
twenty  to  twenty-five  feet  above  the  river  is  the  coal  which 
has  been  called  the  Panora,  but  which,  as  already  mentioned, 
probably  represents  number  37  of  the  general  section.  It  was 
this  seam  which  was  worked  at  the  time  St.  John  visited  the 
region.  Thirty  feet  below  the  river  is  the  bed  now  worked. 
The  mouth  of  the  Reese  coal  shaft,  put  down  in  1896,  is  about 
on  a  level  with  the  Panora  coal.  The  section  afforded  by  the 
shaft  is  as  follows : 

FEET. 

9.  Drift 6 

8.  Limestone  1 

7.  Clay  shale,  red 7 

6.  Shale  clay,  soft 2 

5.  Sandstone,  white  to  gray,  with  flakes  of  mica 30 

4.  Shale,  bituminous,   fossiliferous,   becoming  a  cannel 

coal  below 10 

3.  Coal -.     n 

2.  Fire  clay 8 

1.  Sandstone 10+ 

As  indicated  by  this  section  the  beds  between  numbers  33 
and  37  of  the  general  section  have  thickened  very  considerably 
and  have  also  changed  a  little  in  character.  It  will  be  noted 
that  the  sandstone,  number  33  of  the  general  section,  maintains 
its  position.  The  thin  limestone  above  is  exceptional  but  not 
wholly  anomalous. 

A  short  distance  northwest  of  town  is  the  mine  of  the  White 
Ash  Coal  Co.  The  shaft  is  sixty  feet  deep  and  the  mouth  is 
seventy-five  feet  above  the  river,  so  that  in  position  the  coal 
corresponds  more  nearly  with  the  Panora  seam  than  with 
that  worked  in  the  Reese  mine.  Still  farther  up  the  river 
(Tp.  80  N.,  R.  XXXI  W.,  Sec.  24,  Nw.  qr.,  Se.  i)  is  the  Clark 
mine,  the  mouth  of  which  is  twenty  feet  above  the  river. 
Near  the  mine  the  coal  measure  shales  are  exposed,  with  the 
Cretaceous  sandstones  and  conglomerates  overlying  them. 


FANSLERS    MINES. 
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The  section  will  be  described  in  connection  with  the  Creta- 
ceous. About  three  miles  beyond,  in  the  neighborhood  of 
Fanslers,  is  a  group  of  mines  which  have  been  in  operation 
for  some  time.  The  coal  worked  lies  about  fifty  feet  below 
the  river  and  is  the  same  at  all  the  mines  except  the  Scott 
mine,  where  a  second  seam  has  been  found  a  few  feet  below 
the  one  generally  worked.  The  section  at  the  latter  mine  is 
as  follows: 


7.  Shale,  light  colored,  argilla- 
ceous, sandy  in  places,  ex- 
posed  - .-    4 

6.    Clay  shale,  dark,  fissile 2 

5.     Sandstone,  "caprock" 1 

4.  Coal,  containing  heart  shaped 
pericas  in  pyrite,  with 
four  inches  of  shaly  mate- 
rial at  the  bottom 1 


^^5:^        3.    Fire  clay  and  clay  shales 10 


UICHBS. 


10 


\^m 


2.    Coal 1 

1.     Fire  clay... 1 

Fio.  68.    Section  of  Scott  shaft.    FaiiBlers. 


6 


This  lower  coal  has  not  been  found  at  any  of  the  other 
mines  and  is  evidently  a  local  deposit.  The  coal  measure 
shales  are  covered  by  Cretaceous  sandstone.  St.  John  men- 
tions* an  upper  seam  about  four  or  five  feet  above  water 
level.  The  bed  was  thin  and  is  not  now  worked.  The  upper 
seam  is  about  the  same  distance  above  the  Fansler  coal  as  the 
one  outcropping  at  Panora  is  above  the  coal  at  the  Reese 
mine.  The  river  runs  at  only  a  slight  angle  with  the  strike  of 
the  beds  and  there  is  apparently  a  dip  to  the  west.     The  coal 

«Opas  cit..  p  106.  There  Is  evidently  a  misprint  at  this  point,  as  the  locality  mentioned, 
Tp.  81  N.,  R.  AXXII  W.,  Sec.  19.  is  far  from  the  river  and  near  no  known  coal  ontcropt.  It 
should  evidently  read  Tp.  80  N.  The  location  of  Olark's  mine,  not  the  present  Olark  mine, 
has  evidently  been  confused.  If  instead  of  section  24,  section  4  be  read,  the  facts  fit  the 
description. 
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present  at  the  two  points  may  be  considered  as  representing 
the  same  horizons. 

Farther  up  the  river  the  coal  measures  are  cut  out  at  Rocky- 
Bluff  by  the  Cretaceous.  Beyond  the  bluff  the  Cretaceous 
has  been  cut  through  by  the  river  and  the  coal  measures  are 
again  exposed. 

The  Wales  coal  bank  is  located  on  the  south  side  of  the  river 
(Tp.  81  X.,  R.  XXXIII W.,  Sec.  33,  Ne.  qr.).  The  coal,  which 
is  sixteen  to  eighteen  inches  thick,  rests  on  shales  and  lies 
about  twelve  feet  above  the  river.  Over  it  are  black  shales 
from  which  St.  John*  collected  Prodivctus  muricatus^  Derhya 
crdHHa  ( ?)  and  Lingula  carhoiuiria.  The  coal  measures  have  a 
thickness  of  twenty-seven  feet  above  the  coal  as  shown  in  the 
air  shaft.  In  the  hillside  near  by  there  are  exposures  of  the 
sandstone  of  the  Dakota.  A  mile  or  more  above  the  river  the 
coal  is  again  reached  by  the  Perkins  drift  (Tp.  81  N.,  R. 
XXXIII  W.,  Sec.  29).  Near  the  mine  (Sec.  20,  Sw.  Sw.)  is  a 
high  bluff  of  Cretaceous  sandstone  and  clay,  while  in  sections 
29,  20,  19  and  24,  coal  has  been  mined  at  various  points.  In 
section  24,  apparently,  two  seams  are  present.  The  one  now 
worked  is  found  by  shafts  thirty-nine  to  fifty-six  feet  deep, 
and  seems  to  lie  about  twenty-eight  feet  below  the  river. 
Formerly  a  surface  seam  was  workedf  lying  about  two  feet 
above  the  water. 

It  will  be  seen  from  an  examination  of  this  section  that  the 
usual  sequence  holds  in  passing  up  the  river.  The  beds  dip  a 
little  to  the  west,  and  the  shales  thicken  so  that  the  coal 
horizons  are  spread  farther  apart.  The  character  of  the  beds 
changes  to  the  west,  new  strata  appear,  and  the  formation 
takes  more  and  more  the  inconstant  character  usual  through- 
out the  Des  Moines  formation. 

In  the  southern  portion  of  the  county  along  South  Raccoon, 
Long  branch,  Deer  creek  and  Beaver,  there  are  many  expos- 
ures showing  the  beds  from  the  Missourian  limestone  down 
to  the  heavy  mass  of  sandy  shales  which  forms  the  base  of 

*Op.  clt.,  105. 

tSt.  John :    Op.  cit ,  106. 
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known  sequence  already  described.  Throughout  the  region 
the  basal  portion  of  the  Missourian,  the  Bethany  limestone, 
outcrops  in  the  hills.  The  streams  have  cut  through  it  and 
down  deep  into  the  underlying  beds.  One  of  the  best  sections, 
starting  however,  some  distance  below  the  Bethany,  is  found 
along  a  ravine  north  of  Glendon,  and  leading  down  to  the 
river  near  the  old  Belle  Valley  mill  site  (Tp.  79  N.,  R.  XXX 
W.,  Sees.  30-31).  The  section  is  made  up  of  numerous  scat- 
tered outcrops  along  the  hollow,  but  fitted  together  gives  the 
sequence  nicely. 

FBBT.  INCHU. 

16.     Limestone,  yellow,  earthy,  corresponding 

to  No.  38  of  the  general  section 1 

15.    Shale,  bituminous,  with  some  coal  (No.  37)  8 

14.    Shale,  yellow  (No.  36) 5 

13.    Sandstone  in  hard  three  inch  ledges  sepa- 
rated by  softer  shaly  layers  (No.  36). ..    4 

12.    Shale,  sandy  (partly  exposed) 2  6 

11.    Coal,  Marshall  (No.  33) 3 

10.    Shale,  gray,  clayey  (No.  32) 1 

9.  Limestone,  sandy,  with  plant  remains  abun- 
dant, Myalina  with  a  narrow  accen- 
tuated beak  frequent,  Nucalana  belJaa- 
triata  and  Productua  cora  (Na  3).«...    1  6 

8.    Shale,  blue,  clayey - 2 

Unexposed 8 

7.     Shale,  sandy,  yellow _ 2 

Unexposed,  probably  as  above 10-15 

6.  Limestone,  fragmentory,  with  many  well 
rounded  pebbles  of  ash  gray  limestone 
of  conchoidal  fracture  bedded  in  red« 
dish  earthy  limestone  matrix;  carrying 
Atbytia  subtilita,  P.  muricatust  moder- 
ately common  and  a  dermal  tubercule 

of  Petrodus  (No.  26) 3 

5.    Shales,  argillaceous,  blue 6 

4.    Sandstone,  fine-grained,  ripple  marked  ...  3 

3.    Shales,  sandy,  with  a  slight  dip  up  the 

river,  imperfectly  exjwsed SOJ 

2.    Clay,  yellow  to  gray 6 

1.    Coal  in  two  benches  as  follows:    Coal,  4 

inches;  clay,  5  inches;  coal,  3  inches...    1 
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Below  the  coal  there  are  no  exposures  along  the  stream 
down  to  where  it  empties  into  the  river.  From  the  presence 
of  the  great  thickness  of  sandstones  and  shales  above  the 
coal  and  below  the  fragmentary  limestone,  it  is  probable  that 
the  coal  found  belongs  to  the  Redfleld  horizon.  The  base  of 
this  stream  is  probably  thirty  or  forty  feet  above  the  river. 
Passing  up  the  latter  a  half  mile  one  comes  to  the  exposure 
at  the  site  of  the  old  mill,  an  outcrop  which  will  be  later 
described. 

Corresponding  beds  are  seen  at  many  points  south  and  east. 
Near  Dale  City  the  heavy  sandstone  (number  35)  with  the 
black  shale  and  limestone  (numbers  37  and  38)  above  it  is  found 
exposed.  At  this  point  a  boring  was  put  down  some  time  since 
by  John  Lonsdale  &  Sons.  The  record  reproduced  below  by 
their  courteous  permission  shows  a  number  of  coal  seams,  the 
more  important  being  at  264  and  318  feet.  The  head  of  the 
boring  is  estimated  by  Mr.  Charles  Lonsdale  to  have  started 
some  feet  below  the  Marshall  coal. 

FE>T.  INCHES. 

69.  Drift...- 12 

68.  Shale,  red,  blue  and  brown 19 

67.  Sandstone,  light  g^ay 3 

66.  Shale,  gray 11  7 

65.  Shale,  gray,  dark 10  7 

64.  Coal 2 

63.  Fire  clay 4 

62.  Shale,  with  impure  coal  in  alternate  layers  .     1  10 

61.  Yellow  stone 1 

60.  Fire  clay 6 

59.  Shale,  dense  gray  with  traces  of  coal 4  9 

58.  Sandstone 1  4 

57.  Shale,  blue — 4 

66.  Shale,  dark  gray 14  4 

55.  Sandstone,  white 6  6 

54.  Shale,  blue 2 

53.  Limestone - 2 

52.  Shale,  yellow 1              4 

51.  Limestone 9 

60.  Shale,  gray 3 

49.  Limestone.-- .- — .- 9 

48.  Shale,  blue 2 
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FaiT.         INCHXS. 

47.  Limestone. 1  4 

46.  Shale,  brown 2 

45.  Shale,  blue,  black  at  bottom 3  7 

44.  Limestone,  gray,  very  hard 10 

43.  Slate,  black   2 

42.  Coal 4 

41.  Shale,  light  blue 15 

40.  Shale,  brown 2  6 

39.  Shale,  variegated 7 

38.  Shale  and  limestone  in  thin  layers 3  4 

37.  Shale,  variegated 8 

36.  Shale,  blue 25  3 

36.  Shale,  yellow 1  9 

34.  Limestone,  buflf 4 

33.  Shale,  gray,  blue  black  at  bottom 6  8 

32.  Coal 1  4 

31.  Shale,  blue  fire  clay  at  top 6  10 

30.  Limestone,  gray 1  8 

29.  Sulphur  band 2 

28.  Sandstone,  fine-grained 11 

27.  Limestone,  very  hard 3  1 

26.  Sandstone,  white 2  6 

25.  Shale,  variegated - 4  9 

24.  Sandstone,  gray - 7  2 

23.  Shale,  gray 3  9 

22  Sandstone,  gray. 3  9 

21.  Shale,  blue  gray 10  10 

20.  Shale,  gray 23 

39.  Coal 2  6 

18.  Fire  clay 6 

17.  Shales,  light  and  gray 17  10 

16.  Sandstone 8 

15.  Shale .• 1  3 

14.  Limestone,  brown 2 

13.  Shale,  dark 1  2 

12.  Black  stone 2 

11.  Slate,  bluish  black 5  8 

10.  Sulphur  band — 1 

9v  Shale,  blue 1  5 

8.  Shale,  blue  and  gray  fire  clay  at  top 17  8 

7.  Coal 3  4 

6.  Shale 1  6 

5.  Coal 1 

4.  Shale 8 

3.  Coal 10 

2.  Shale,  light  and  dark 17  5 

1.  Shale,  dark  blue 2 
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South  of  Dale  City  (Sec.  6,  Tp.  78  N.,  R.  XXX  W.)  a  road- 
side gully  shows  the  presence  of  the  limestone  and  underly- 
ing coal  and  shale  forming  numbers  38  and  37  of  St.  John's 
section.  On  Hog  branch,  near  the  road  crossing  in  section  6, 
is  an  exposure  showing  the  Marshall  coal  in  its  iisual  devel- 
opment, with  shales  above  and  below.  There  is,  however,  an 
unusual  three  inch  band  of  limestone  in  the  shales  about  four 
feet  above  the  coal.  In  the  bed  of  the  Raccoon  river,  just 
below  the  mouth  of  the  branch  (Tp.  78  N.,  R.  XXX  W.,  Sec. 
5,  Sw.  qr.,  Sw.  i)  is  a  limestone  corresponding  to  number  31. 
Near  the  head  of  the  branch  (Sec.  7,  Ne.  of  Se.)  the  Muldoon 
mine  is  opened  in  a  coal  probably  the  Lonsdale,  and  not  far 
northwest  (Tp.  78  N.,  R.  XXXI  W.,  Sec.  12,  Sw.  of  Sw.)  the 
Driscoll  mine  works  the  same  bed.  The  Marshall  coal  and 
overlying  beds  is  seen  again  on  the  south  side  of  the  river, 
about  two  miles  below  Dale  City  (Tp.  78  N.,  R.,  XXX  W.,  Sec. 
4).  On  the  opposite  side  of  the  river  the  heavy  sandstone, 
number  35,  is  well  shown  and  in  the  hillside  above  deserted 
dump  heaps  mark  the  level  of  the  Lonsdale  coal.  The  latter 
is  best  seen  along  Deer  creek. 

Near  the  west  line  of  Penn  township  (Tp.  78  N.,  R.  XXX 
W.,  Sec.  18,  Sw.  qr.,  Sw.  i)  is  the  Lonsdale  mine,  a  shaft  sunk 
near  the  base  of  the  Winterset  limestone.  The  coal  lies 
thirty  feet  below  the  lowest  bed  of  the  Missourian  limestone, 
a  soft  white  sandstone  intervening.  The  coal  itself  averages 
twenty  inches  in  thickness.  It  is  divided  by  two  clay  bands 
as  shown  below: 

IlfOBH. 

5.  Coal 12 

4.  Clay 2 

3.  Coal 4 

2.  aay i 

1.  Coal 4 

The  same  seam  has  been  opened  at  a  number  of  points 
along  the  river.  The  Lamb  mine,  directly  north  of  Stuart 
(Tp.  78  N.,  R.  XXX  W.,  Sec.  20,  Ne.  qr.),  was  worked  for  some 
time.     It  was  found  here  that  the  lower  bench  dipped  to  the 
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east,  though  this  may  be  a  local  development.  Near  this 
mine  the  coal  is  exposed  in  the  creek  as  shown  in  the  follow- 
ing sketch. 

8.    Drift 10 


^^T^-^a^-g       5.    Fireclay  2 


4.    Shale,  light  colored  . 
3.    Coal,  with  shaly  part- 
ings   


2.    Shale,  light  colored.    5 


..    LimeBtoue,  foeBlliter- 

OUB    4 

Fio  W.    Section  of  blalT  on  Deer  creek. 

The  thickness  of  the  partings  between  the  two  benches  of 
coal  varies  somewhat.  Above  the  shale  covering  the  coal  is 
a  buff  clay  shale  running  up  into  sandy  shale  and  sandstone. 
Below  the  limestone  seen  in  this  section  (number  40  of  gen- 
eral section)  is  a  bed  of  variable  shale  of  some  thickness. 

Near  Glendon,  coal  measures  are  exposed  along  the  streams, 
the  Cretaceous  outcropping  well  up  in  the  hills.  In  a  cut  on 
the  Chicago,  Rock  Island  &  Pacific  railway  not  far  north  of 
the  town  (Tp.  79  N.,  R  XXXI,  W.,  Sec.  36,  Se.  qr.,  Sw.  i) 
there  is  an  exposure  showing  both  formations. 


Q,  Sandalone,  soft,  yellow  to  red,  irregularly  bedded 

5.  Clay,  yellow,  free  from  grit,  much  like  geeat 

4.  Limestone,  brecciated,  gray,  with  common  coal  meaa- 

3.  Shalee,  yellow,  clayey 

2.  Limeetone,  soft.  Bandy 

1.  Shale,  clayey,  red  to  greeniBh 
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Numbers  1  to  4  may  be  referred  to  the  coal  measures.  They 
have  equivalents  at  other  points  in  the  vicinity  and  on  Spring 
branch  (Tp.  78  N.,  R.  XXXI  W.,  Sec.  3,  lot  12)  a  thin  coal  seam, 
supposed  by  St.  John  to  represent  the  Marshall  horizon,  was 
formerly  exposed.* 

A  lower  bed,  said  to  have  been  two  feet  six  inches  thick, 
was  at  one  time  worked  at  a  depth  of  100  feet,  and  a  thicker 
bed,  four  and  one-half  feet,  was  reported  sixty  to  seventy  feet 
still  lower. 

Outcrops  of  coal  measure  strata  are  reported  along  Beaver 
creek  for  a  distance  of  two  miles  west  of  this  point.  At  one 
point  (Tp.  78  N.,  R.  XXXI  W.,  Sec.  5,  lot  4)  a  fourteen-inch 
seam  of  coal  was  formerly  worked.  Coal  measures  are  also 
reported  on  South  Beaver  (Sec.  5,  lot  19)  and  on  Spring  branch 
(Tp.  78  N.,  R.  XXXI  W.,  Sec.  16,  Ne.  qr.,  Sw.  i)  a  thin  seam 
was  formerly  reached  by  drifting. 

Along  Middle  Raccoon  and  Brushy  Fork  there  are  no  good 
coal  meiisure  outcrops,  though  coal  is  mined  on  the  former 
near  Guthrie  Center  (Tp.  79  N.,  R.  XXXI  W.,  Sec.  17,  Sw.  qr.) 
and  on  the  latter  southwest  of  Bayard  (Tp.  80  N. ,  R.  XXXII 
W.,  Sec.  5,  Sw.  qr.).  At  the  Guthrie  Center  mine  the  coal  is 
eighteen  inches  thick,  and  is  found  at  a  depth  of  eighty-seven 
feet:  the  overlying  strata  being  shale  and  sandstone.  This 
is  pix>bably  the  same  vein  that  was  formerly  worked  at 
Glendon.  In  a  boring  put  down  some  years  since  on  the 
Tiniev,  now  Stover  and  Metz  land,  a  mile  west  and  half  a  mile 
north  of  the  court  house  at  Guthrie  Center,  the  corresponding 
vein  was  struck  at  132  feet.  As  i-eported  bj'  Hon.  Charles 
Ashton,  the  bed  is  twentv  inches  thick  and  lies  below  six  and 
one-half  feet  of  black  slate.  Below  this  bed  of  coal,  at  a 
depth  of  197  feet,  a  second  vein  four  feet  and  five  inches  thick, 
and  i.*i>vered  by  a  soft  white  clay,  was  reported.  About  five 
feet  below  another  bed  of  coal  and  black  clay  was  reported. 
The  drilling  was  done  just  west  of  the  Raccoon,  and  passed 
thixnigh  forty  feet  of  drift,  below  which  was  forty-four  feet  of 
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a  soft  sandstone,  probably  to  be  referred  to  the  Cretaceous. 
At  the  Brushy  Fork  mine  the  shaft  is  not  deep,  and  the  hori- 
zon probably  represents  that  opened  on  Middle  Raccoon  river 
to  the  north. 

The  beds  above  the  Lonsdale  coal  up  to  the  base  of  the 
Missourian  consist  essentially  of  sandstone  or  sandy  shale. 
As  penetrated  at  the  Lonsdale  mine  (Sec.  18,  Penn  township), 
there  was  a  thickness  of  thirty  feet  of  such  shales  between 
the  coal  and  the  lowest  limestone  ledge.  There  is  some  ques- 
tion, however,  whether  this  limestone  should  not  be  included 
with  the  Des  Moines  rather  than  the  Missourian.  It  is  about 
twelve  to  fourteen  inches  in  thickness,  of  granular  texture, 
and  carries  small,  smooth  specimens  of  Athy7%s  subtilita.  As 
seen  on  Deer  creek  (Sw.  of  Nw.  Sec.  17,  Penn  township)  it  is 
about  ten  feet  below  the  fragmental  limestone  which  it  is 
proposed  to  take  as  the  base  of  the  Bethany.  Between  the 
two  are  saady  to  argillaceous  shales.  The  limestone  is  seen 
near  the  DriscoU  mine,  and  at  several  points  on  Deer  creek 
and  South  Raccoon,  but  is  apparently  not  always  present.  In 
the  boring  at  Stuart  no  trace  of  it  seems  to  have  been  found. 
Below  what  may  be  taken  as  the  base  of  the  Missourian  was 
about  ninety-two  feet  of  sandy  shale,  with  some  harder  bands. 
This  would  seem  to  indicate  the  absence  of  the  limestone  in 
question  and  a  thickening  of  the  shale.  In  Madison  county 
an  arenaceous  limestone  is  occasionally  found  at  the  indicated 
horizon.  At  Tileville  it  is  twenty-five  to  thirty  feet  below 
the  base  of  the  Winterset,  and  rests  upon  about  fifty  feet  of 
sandy  shale.  At  other  points  similar  relations  obtain.  In 
general  they  indicate  a  thickening  of  this  upper  shale  member 
toward  the  south,  and  a  dip  of  the  beds  in  the  same  direction. 

The  strata  found  in  Guthrie  and  neighboring  counties  below 
the  base  of  the  Missourian  fall  naturally  into  the  four  following 
groups. 

1.  Shales,  variegated,  but  predominantly  sandy,  charac- 
teristically free  from  coal,  with  an  occasional  development  of 
arenaceous  limestone  somewhat  above  the  middle  of  the  bed. 
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This  formation  corresponds  in  a  general  way  with  number  44 
of  St.  John^s  middle  coal  measure  section  and  includes  num- 
bers 1  to  3  of  White's  Winterset  section.*  It  varies  in  thick- 
ness from  forty  to  100  feet,  increasing  to  the  south.  In  a 
general  way  it  is  probably  the  equivalent  of  the  Pleasanton 
shales  of  Missouri  and  Kansas.  The  original  northern  bound- 
ary of  this  formation  seems  to  have  been  not  far  from  its  pres- 
ent limits  in  Guthrie  county,  as  it  thins  very  rapidly  from  Stu- 
art north. 

2.  Shales,  sandstones,  and  limestones  with  three  coal  hor- 
izons. This  formation  includes  numbers  26  to  43  of  St.  John's 
section  and  its  character  is  sufficiently  indicated  by  the  sec- 
tions already  described.  It  is  characterized  by  the  great 
persistence  of  its  individual  members  and  is  recognized 
through  Guthrie  and  Dallas  counties  and  in  part  in  Madison 
county.  It  is  probably  the  equivalent  of  the  Appanoose  for- 
mationf  of  southern  Iowa  and  the  Henrietta  formation  of 
Missouri. 

3.  Sandstones  and  sandy  shales  with  Redfield  coal  at  base, 
including  numbers  19  to  25  of  St.  John's  section.  Seen  in 
part  at  the  Tann  Mill  exposure  and  well  exposed  in  Dallas 
county.  This  member  is  probably  not  to  be  separated  from 
number  4,  though  in  the  immediate  region  it  is  rather  dis- 
tinct. 

4.  Shales,  sandstones  and  thicker  coal  seams  character- 
istic of  the  greater  portion  of  the  Des  Moines  formation. 
Represented  in  the  deeper  borings  of  Guthrie  county  and 
exposed  in  the  counties  to  the  east;  corresponding  in  general 
character  and  position  with  the  Cherokee  shales  of  Elansas.  X 

These  beds  form  a  continuous  series  and  are,  so  far  as  can 
be  seen,  conformable.  In  Appanoose  county,  however,  there 
is  a  well  marked  conglomerate  over  the  Appanoose  forma- 
tion. S     In  Guthrie  county  one  of  the  limestones  of  the  second 

*  Oeol.  Iowa,  vol.  I,  plate  opp.  p.  245.    1870. 

t  Iowa  Geol.  8urv.,  V.  p.  378. 

%  Haworth:    Univ.  Geol.  Surv  ,  Kansas,  !» 150-151.    1896. 

6  Iowa  Geol.  Surv.,  V,  394-898. 
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member  contains  many  rolled  pebbles  and  other  evidences 
of  shore  action,  while  the  sandstone  just  below  shows  ripple 
marks.  The  sandstone  found  near  Panora  does  not  fit  in  with 
any  portion  of  the  section  seen  there.  It  is  anomalous  in 
character  and  is  in  places  quite  conglomeratic.  There  is  some 
evidence  of  unconformity  between  it  and  the  underlying  beds. 
Nevertheless  it  contains  plant  remains  which  unmistakably 
ally  it  with  the  Des  Moines.  These  facts  all  give  evidence 
that  throughout  the  later  as  well  as  the  earlier  portion  of  Des 
Moines  time  there  were  disturbances,  and  that  local  uncon- 
formities may  be  expected  throughout  the  formation.  The 
best  exposure  of  disturbed  strata  may  be  seen  at  the  Belle 
Valley  mill  exposure.  Here  about  fifty  feet  of  lower  beds 
have  been  thrown  up  so  that  the  strike  is  now  Ne-Sw,  with 
a  dip  of  45°  to  the  southeast.  They  have  been  to  some  extent 
faulted,  and  after  the  upheaval  were  planed  off  so  as  to  form 
an  even  surface  over  the  top.  Evidently  the  rocks  formed 
then  a  flat-topped  knob,  as  a  later  sandstone  laid  down  over 
the  top  is  also  banked  in  against  the  side  and  with  bedding 
planes  dipping  away  from  the  upturned  beds.  This  later 
sandstone  is  similar  in  character  to  that  found  at  Panora.  It 
carries  the  same  plant  remains  and  at  the  base  includes  frag- 
ments of  the  underlying  rock.  The  disturbance  evidently 
took  place  during  the  Des  Moines.  The  beds  thrown  up 
belong  to  the  Des  Moines  stpata,  though  their  exact  place  in 
the  section  cannot  be  given.  They  evidently  do  not  belong 
with  those  seen  in  the  neighborhood  (see  p.  437),  but  are  lower 
and  probably  represent  the  upper  portion  of  the  Cherokee 
shales.  If  this  be  true  a  considerable  amount  of  erosion  took 
place  before  the  deposition  of  the  overlying  sandstone;  which 
accords  well  with  the  indications  of  the  exposure  itself.  The 
beds  thrown  up  are  all  as  follows: 

IRCHM. 


12.    Limestone,  impure,  clayey,  with  Prodactus 

muricatus,  P.  cor  a  and  P.  nebrasceosia.  1 

1 1.    Shale ,  drab,  becoming  coaly  at  top 4 

10.    Limestone,  similar  to  number  12 1 
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rSBT.         IMCHKS. 

0.  Shale,  drab  to  green,  clayey 5 

8.     Limestone,  earthy,  unfoesiliferous 4 

7.    Coal,  impure ...     1 

6.    Shale,  drab,  clayey 12 

5.    Calcareous  sandstone 8 

4.  Shale,  argillaceous,  drab  above  to  red  be- 
low    1 10 

3.    Limestone,  fine-grained,  argillaceous,  non- 

fossiliferous 6 

2.    Shale,  black,  slightly  bituminous 6 

1.  Shale,  drab,  argillaceous..-* 4  6 

The  movement  does  not  seem  to  have  been  sufficiently- 
intense  to  have  developed  any  secondary  structure.  The 
shales  have  cleavage  planes  parallel  to  original  bedding  and 
the  jointing  in  the  surrounding  sandstone  seems  to  have  no 
relation  to  the  upthrust.  Numbers  7  and  8  have  been  faulted 
at  one  place,  there  being  a  throw  of  nearly  a  foot.  The  beds 
above  and  below  are  not  aflfected.  Numbers  11  and  12  appear 
only  at  the  lower  corner  of  the  exposure  and  might  be  taken 
for  a  repetition  by  faulting  of  9  and  10,  if  it  were  not  for  the 
well  marked  coaly  character  of  the  upper  portion  of  number 
11.  In  character  and  fauna  number  12  resembles  number  38 
of  the  general  section;  but  even  after  the  upthrust  it  is  below 
the  level  of  that  bed  and  the  strata  below  are  entirely  out  of 
harmony  with  anything  seen  elsewhere  along  the  river. 

MISSOURIAN  FORMATION. 

Above  the  Des  Moines  and  covering  the  southeastern  por- 
tion of  the  county  is  the  Missourian  formation.  The  only 
portion  of  this  formation  outcropping  is  the  basal  or  Bethany 
limestone.  This  is  shown  along  the  lower  portion  of  Beaver 
creek,  Deer  creek.  Long  Branch  and  South  Raccoon  river. 
The  stone  has  not  been  quarried  to  any  considerable  extent, 
so  that  there  are  no  extensive  exposures.  The  rock,  as  usual, 
lies  in  ledges  varying  in  thickness  from  six  to  twenty-four 
inches,  which  are  separated  by  shaly  argillaceous  partings. 
A  total  thickness  of  fifty-five  feet  is  indicated  near  the  Lons- 
dale mine.     This  is  near  the  edge,  and  probably  does  not  rep- 
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resent  the  full  thickness  of  the  formation.  The  Easton  well, 
at  an  altitude  of  about  1,200  feet,  showed  a  thickness  of  140 
feet  of  drift  below  which  was  eighty  feet  of  limestone.  Since 
the  base  of  the  Earlham  limestone  in  the  Earlham  quarries  is 
at  about  1,000  feet  A.  T.  this  would  indicate  that  the  strata 
here  are  practically  horizontal  and  would  agree  with  the 
results  obtained  by  Norton  from  a  general  study  of  the  arte- 
sian wells  of  the  state.  The  limestone,  where  exposed,  is 
quite  fosiliferous,  the  forms  present  being  those  common  to 
the  limestone  in  other  counties.  The  following  is  a  list  of  fos- 
sils collected  along  Deer  creek  north  of  Stuart  by  Professor 
Calvin. 

LopbopbjrIIam  proJiierum. 

Axopbyllum  rude. 

Stems  of  crinoidea. 

Arcbseocidaris,  three  species. 

Fistnlipora  noduHiera, 

Rbombopora  lepidodendroides. 

Orbiculoidea  mtida. 

Derbya  crassa. 

Derbya  robnata  M.  &  H. 

Meekella  striato-coatata  Cox. 

Cbonetea  granulifera  Owen. 

Productaa  longispinnd  Sowerby. 

P.  coatatna  Sowerby. 

P.  ntbraacensia  Owen. 

P.  eora  =  P.  prattenianua, 

SpiriAr  cameratua  Morton. 

S.  plano-coovexua, 

S,  lineattts, 

Atbjria  aubtilita  =  S.  argeaUa  (Shepard)  Keyes. 

Huatedia  mormoni  Marcou. 

Terebratnla  (Dlelasma)  bovidena  Morton. 

Cryptacanthia  compacta  W.  &  St.  J. 

Nucula  veotricosa  Hall. 

NucuJana  bellaatriata  Stevens. 

Edmondia  sp. 

Aviculopecten  ap. 

Bellcropbon  ptrcarinata. 

Belleropbon  ap. 

Plcurotomaria  ap, 

Petrodua  occideotalis 
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Along  a  small  tributary  of  Deer  creek,  where  most  of  these 
fossils  were  found  (Sec.  19,  Penn  township),  the  following  beds 
were  made  out. 

6.     Limestone,  coarse,  gray;  with  Fusalina  similar  to  that 

occurring  at  Winterset 2 

4.     Shales,  only  in  part  exposed 8 

3.  Earlham  limestone,  ash  gray,  with  conchoidal  fracture, 
in  layers  two  to  ten  inches  thick,  separated  by  shale 
partings 12 

2.     Shale,  gray,  argillaceous,  becoming  bituminous  and 

slaty  at  the  top 10 

1.  Limestone,  fragmental,  made  up  of  irregular  bits  of 
lime  rock  filled  in  with  calcareous  clay.  In  places 
the  rock  can  be  picked  to  pieces  with  the  fingers; 
elsewhere  it  hardens  up  into  massive  thick  bedded 
(two  feet)  layers 10 

The  Fragmental  limestone  (number  1)  rests  on  sandy  shales 
which  form  the  top  of  the  Des  Moines  formation.  The  rock 
itself  is  very  characteristic,  and  has  been  traced  through 
Dallas  and  Madison  counties.  Besides  its  distinctive  physical 
characteristics  it  carries  a  well  marked  fauna,  of  which  the  fol- 
lowing forms  were  collected  at  this  point. 

Spirifer  lineatua^  very  abundant,  and  especially  characteristic  of  this  horizon. 
S.  cameratus. 
Athyris  subtilita,  common. 
.  Hustedia  znormoni^  fairly  common. 
Producius  longispittus, 
Naticopaia  aUonetisis, 
LopbopbjUum  proliferum,  common. 
Ortbia  pecoai,  very  rare. 
Seller opbon,  ap,,  rare. 
StrapatTollas,  ap,,  rare. 
Archiocjdariat  ap,,  very  rare. 

In  the  shale  partings  of  the  Earlham  limestone  the  follow- 
ing forms  were  collected. 

Cbonetes  vemeuiliaDa,  common.  \ 

Spirifer  camerataa, 

Atbjris  aubtilita,  common.  | 

Product  ua  cor  a. 

■I 

P.  nebraacenais. 
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P.  costatus, 

Rhombopora  kpidodendroidesy  common. 

Meekella  striattL-coatata, 

Arebiocidaris, 

The  character  of  the  rock  and  the  fossils  found  leave  no 
doubt  as  to  the  correlation  of  these  beds.  The  Winterset  beds, 
occurring  above  the  Earlham  limestone,  were  not  seen  at  this 
point,  unless  the  Fusalina-bearing  rock  be  taken  as  their  rep- 
resentative. A  rock  similar  in  all  respects  occurs  at  Winter- 
set  and  the  bed  found  here  is  probably  to  be  referred  to  that 
horizon  rather  than  to  the  Fusalina  limestone  proper  occurring 
farther  west  in  Madison  county.  This  is  the  more  probable 
from  the  fact  that  the  Winterset  beds  are  present  in  the  vicin- 
ity. It  may  be  noted  that  the  limestone  found  here  shows 
each  division  in  its  normal  thickness  and  character. 

The  Bethany  limestone,  using  that  term  to  cover  the  Frag- 
mental,  Earlham,  Winterset  and  Fusalina  limestones  with  inter- 
calated beds,  is  made  up  of  the  four  separate  limestonies  just 
enumerated.  Of  these,  the  Fragmental  and  Earlham  are  well 
developed  in  Guthrie  county.  The  Winterset,  restricting  that 
term  to  the  beds  quarried  southwest  of  Winterset,  is  present, 
but  not  well  shown.  The  Fusalina  limestone  seems  to  have 
been  cut  away. 

The  limestone  found  here  outcrops  throughout  the  south- 
western portion  of  Dallas  county  to  Earlham  in  Madison 
county.  From  this  point  it  has  been  traced  by  Tilton  to 
Winterset,  where  it  is  quite  well  exposed.  At  the  latter  point 
this  layer  of  heavy  limestone  has  been  recognized  as  the  base 
of  the  Missourian formation.*  It  represents  the  same  horizon 
as  the  Bethany  limestone  of  Missouri  and  the  Erie  limestone 
of  Kansas,  the  connection  between  the  Winterset  and  the 
Bethany  limestone  having  been  traced  in  the  field,  t 

There  has  recently  been  some  discussion  as  to  which  of  the 
three  terms,  Winterset,  Bethany  or  Bethany  Falls  as  first 
used,,  or  Erie  has  priority.     The  section  at  Winterset  was 

*  Tilton :    Iowa  Oeol.  Surv.,  vol.  Ill,  p.  135.    Des  Moines,  1805. 
t  Iowa  Oeol.  Burv.,  vol.  VII,  p.  2).    1897. 

36  O.  Rep. 
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described  by  White  in  1868*  and  again  in  more  detail  in  1870. t 
It  was  selected  by  him  as  typical  for  the  upper  coal  measures 
and  the  fossils  characteristic  of  it  were  specified.  Tiltont  later 
used  the  name  carefully  noting  the  position  of  the  limestone 
at  the  base  of  the  Missourian  formation.  The  term  Bethany 
Falls  was  used  by  Broadhead§  in  describing  the  Missouri 
exposures.  The  equivalence  of  the  Bethany  Falls  and  Win- 
tei*set  limestone  was  recognized  by  Keyes  1  and  has  since  been 
traced  in  the  fi^eld.  In  Kansas  the  equivalent  horizon  was 
discussed  by  Haworth  and  Kirk*'  under  the  name  of  Erie,  was 
later  referred  to  by  Haworth**  as  the  Triple  limestone  and 
was  finally  given  the  name  of  Erie.t+  The  equivalence  of  the 
three  formations  was  recognized  by  Keyes  in  1895  and  it  was 
suggestedit  that  the  term  Bethany  be  extended  to  cover  the 
whole  horizon.  Later§§  the  same  author  showed  the  term 
Erie  to  be  pre-occupied  and  urged  the  priority  of  Bethany, 

Bix>adhead's  prior  use  of  the  term  Bethany  seems  to  entitle 
it  to  recognition,  and  it  is  proposed  to  use  that  term  for  the 
biisal  limestone  of  the  Missourian  formation.  As  has  been 
suggested,  this  basal  limestone  includes  four  members,  and 
for  one  of  them  the  term  Wintereet  is  reserved.  The  various 
meml>ei's  of  the  Bethany  have  been  recognized  along  Grand 
river  in  Decatur  county,  and  at  many  intermediate  points. 
In  Union  county  there  are  higher,  as  yet  unnamed  beds. 

The  Guthrie  county  outcrops  are  the  most  northerly  of  the 
exposures  of  this  limestone  in  the  central  portion  of  the 
state.  The  strike  of  the  formation  in  Madison  countv  is 
northwest,  in  Dallas  the  strike  changes  to  west,  and  in  Guth- 
rie this  strike  is  maint^uned  to  the  point  at  which  the  lime- 

*  Ftr»t  Mid  Seoodd  Ann.  Rept.  StAt^  GeoIo^ist>  71-71    Des  Moines,  IdR. 

*  v>«ol.  Iowa.  vol.  I,  pp.  H>  SSOl   IVs  Moio^**.  isrvv 

t  lowm  Ao%a.  S.M..  TvM   Ul.  p  144.    !]!«&.    iowa  Geol  Surr^  IH.  137.    1«5 

$  Tr»Q$.  ;>t  U>u-$  \i^Ad.«  rol.  IL  31 L  144     1<^.    M<x  Gix>l.  dnrr^  Iron  Ore  uid  Oo«l  Fleldi. 

pt«  ii.  p  77,  M  s*\i.    1>T3 

I  Mvv  i;«o:  Surv.,  tM  IV,  p.  Si    Jeff^rsit^  City,  lj%?4. 

*  Kansas  Tntr.  Qaart .  vv»l.  II.  pw  UVs    Lawrence.  1?»4. 
••  Ibid..  T\M,  I U.  p.  *:^    !>«. 

**l  iiiv.  i.Wx>l  Sarr.  Kansas,  rol  I.  p  IH.    1:«»R. 
tt  Amer.  Jour.  iv-l..  ,aV  tv>1  L..  p  d4a     l^V 

*$  u  i.i,  ,v,  Tv>i.  II.  ppk  2^l-43^  i^f^i. 
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stone  passes  beneath  the  Cretaceous.  It  probably  does  not 
change  between  this  point  and  the  Missouri  river.  In  drill 
holes  and  shafts  along  South  Raccoon,  Brushy  Fork  and  Mid- 
dle Raccoon  there  are  no  traces  of  the  Missourian  north  of  its 
present  line  of  outcrop.  In  the  western  portion  of  the  state 
the  most  northerly  outcrops  known  are  on  the  Boyer  river  in 
Harrison  county,*  almost  due  west  of  the  Guthrie  county  out- 
crops, so  that  a  line  connecting  the  two  points  probably  marks 
the  present  northern  border  of  the  formation. 

It  is  probable  that  the  Missourian  originally  extended  out 
over  the  Des  Moines.  Its  present  outcrop  is  an  accident  of 
erosion  rather  than  a  function  of  original  distribution.  Within 
the  area  of  the  Missourian  there  are,  in  this  county,  no  out- 
crops of  strata  higher  than  the  Bethany  limestone,  so  that 
only  the  basal  portion  is  known  to  be  present. 

CRETACEOUS. 

DAKOTA. 

Above  the  coal  measures,  and  covering  the  major  portion  of 
Guthrie  county,  is  a  series  of  sandstones,  shales  and  conglom- 
erates which  belong  to  the  Cretaceous.  These  beds  are 
exposed  along  both  branches  of  the  Raccoon  river.  Brushy 
Fork,  Beaver  creek.  Spring  branch  and  many  of  the  minor 
streams.  They  are  separated  from  both  the  Carboniferous 
and  the  Pleistocene  beds  by  unconformities. 

Exposures  of  the  Cretaceous  are  frequent  along  Middle 
Raccoon  as  far  down  as  Clark's  mine,  about  three  miles  north- 
west of  Panora  (Tp.  80  N.,  R.  XXXI  W.,  Sec.  24,  Nw.  qr., 
Se.  i).  Above  the  wagon  bridge  at  this  point  and  on  the  east 
side  of  the  river  is  the  following  exposure. 

FBKT. 

4.     Drift 10 

3.    Conglomerate,  quartzite  and  cherty  pebbles,  with  sandy 

matrix,  only  slightly  consolidated 8 

2.    Sandstone,  soft,  yellow,  with  a  few  scattered  pebbles 

similar  to  those  occurring  in  the  conglomerate 20 

1.    Shale,  sandy,  drab 4-    8 

•White:    Oeol.  Iowa,  vol.  II,  p.  179. 
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The  shale,  which  evidently  belongs  to  the  coal  measures 
outcropping  along  the  river,  is  separated  from  the  sandstone 
by  an  obvious  unconformity.  The  sandstone  and  the  con- 
glomerate belong  together  since  they  grade  in  places  into 
each  other,  the  pebbles  becoming  more  abundant  and  the  sand 
less,  till  the  material  is  best  called  a  coglomerate  with  sandy 
matrix  rather  than  a  sandstone  with  scattered  pebbles. 
Traces  of  conglomerate  may  be  seen  near  the  mine,  and  peb- 
bles from  it  are  very  common  in  the  drift  south  and  east  of 
here.  The  pebbles  are  all  water  worn  and  thoroughly 
rounded.  There  are  many  bits  of  clear  and  colored  quartz, 
chert  and  siliceous  fragments  of  Devonian  and  Silurian  fos- 
sils. Farther  up  the  river  the  sandstone  becomes  more  and 
more  prominent.  It  is  f requentl}'^  exposed  near  Fanslers,  and 
in  the  vicinity  of  Rocky  Bluflf  (Tp.  81  N.,  R.  XXXII  W.,  Sec. 
27,  Ne.  qr.)  forms  a  constant  bench  in  the  hills  at  a  height  of 
seventy  feet.  It  is  soft,  yellowish  red,  cross-bedded,  and  con- 
tains occasional  pebbles  such  as  mark  the  conglomerate. 
Opposite  the  mill  it  forms  a  sharp  bluff,  exposing  seventy  feet 
of  thickness  above  the  water's  edge.  A  few  miles  beyond  (Tp. 
81  N.,  R.  XXXII  W.,  Sec.  20,  Sw.  qr.,  Sw.  i)  the  sandstone 
forms  a  ridge  between  the  river  and  a  small  stream  flowing  in 
from  the  southwest.  It  rises  to  the  usual  height  and  has  two 
thin  beds  of  very  clear  plastic  blue  c\b^  interstratified  with  it. 
Still  farther  up  the  river  (Tp.  81  N.,  R.  XXXII  W.,  Sec.  24, 
Ne.  qr.)  the  clay  is  more  prominent.  St.  John  gives  the  fol- 
lowing section  at  this  point.  * 


7.  Very  soft,  light  colored,  irregularly  laminated  sand- 
stone  35-  40 

6     Yellow  clay,  enclosing  ferruginous,  arenaceous  bands.    4 

5.    Blue  clay 5 

4.  Soft  red  and  yellow  sand  rock,  with  ferruginous  nod- 
ules and  bands,  and  thin  layers  of  pebbles,  with  peb- 
bles of  silicified  corals  of  Devonian  and  Silurian 

origin 20 

3.    Ferruginous    arenaceous    layer    containing    isolated 

"  pockets  "  of  coal . 2 

•Op.  clu,  p.  100. 
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FBBT. 

2.    Blue,  arenaceous  clays 17 

] .    Light  colored,  incoherent  sands,  capped  with  deep  red 

shaly  ferruginous  sandstone 10-  15 

These  beds  rest  uneonfonnably  upon  the  coal  measure  strata. 
The  coal  mentioned  is  doubtless  an  impure  lignite  and  has  not 
been  observed  in  the  course  of  the  present  work.  The  lower 
blue  clay  is  not  so  clean  or  plastic  as  at  the  section  observed 
farther  down  the  river.  There  are  outcrops  of  the  sandstone 
and  conglomerate  in  the  vicinity,  but  upon  the  whole  it  does 
not  seem  that  individual  layers  can  be  widely  correlated.  The 
sandstone  is  usually  bright  colored.  It  varies  in  indura- 
tion, but  is  usually  soft.  At  Guthrie  Center  it  is  so  soft  as  to 
be  excavated  for  building  sand.  In  the  pit  of  Mr.  Samuel 
McLune,  at  three  feet  above  the  river,  is  a  five  foot  bed  of 
clean  white  sand,  so  loose  as  to  be  easily  shoveled.  Above 
this  is  twelve  to  fifteen  feet  of  darker  material,  becoming 
harder  at  the  top.  It  contains  the  quartz  pebbles,  such  as  are 
so  characteristic  of  the  formation.  Still  higher  in  the  hill  is 
the  dark  red  sandstone,  closely  set  with  quartz  and  chert  peb- 
bles, such  as  is  commonly  shown  in  outcrops. 

Across  the  river  near  the  fair  grounds  an  unusual  amount 
of  clay  is  shown  in  connection  with  the  sandstone.  The  clay 
is  about  twenty  feet  thick,  reddish  below,  but  becoming  white 
above,  and  rests  on  the  sandstone.  It  contains  some  bands  of 
sand  and  thin  ferruginous  streaks,  and  has  a  slight  dip  to  the 
west. 

Near  Glendon  the  sandstone  shows  numerous  outcrops.  In 
a  section  already  given  it  rests  upon  the  coal  measures  at  a 
height  of  twenty-five  feet  above  the  railway.  In  a  neighboring 
cut  the  sandstone  is  exposed  at  much  lower  level  with  no  evi- 
dence of  disturbance,  so  that  there  is  excellent  proof  of  uncon- 
formity. At  this  point  the  stone  contains  plant  remains,  but 
the  specimens  are  so  imperfect  as  not  to  permit  specific  iden- 
tification. In  the  judgment  of  Professors  Calvin  and  Mac- 
bride,  however,  they  represent  Mesozoic  forms. 
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The  conglomerate  is  best  exposed  along  Spring  branch 
between  Glendon  and  Menlo.  It  is  so  unconsolidated  that  it 
has  been  used  by  the  Chicago,  Rock  Island  &  Pacific  railway 
for  ballast,  and  has  been  dug  out  by  shovel  and  pick  as  ordi- 
nary gravel.  It  has  here  the  usual  constitution,  with  the 
marked  prominence  of  quartz  and  chert  pebbles.  The  mate- 
rial is  thoroughly  rounded  and  waterwom.  Sand,  or  loosely 
cemented  sandstone,  forms  the  bottom  of  the  pits  and  is  in 
places  interstratified  with  the  gravel.  The  general  appear- 
ance of  the  gravel  is  shown  in  figures  70  and  71. 


Eta,  TO.    Dakota  conBloiDU'iite : 


id  ot  trkTel  pit. 


The  formation  which  is  here  referred  to  the  Cretaceous 
will  be  seen  to  include  three  kinds  of  beds;  sands  or  sand- 
stones, clays  or  shales,  and  gravels  or  conglomerates.  The 
clay  or  shale  members  are  least  widely  spread.  In  addition  to 
the  occurrences  already  noted  the  only  one  of  much  impor- 
tance is  near  the  Anderson  mine  southeast  of  Guthrie  Center 
where  Cretaceous  clays  arefound  in  connection  with  the  sand- 
stone. There  are  other  occurrences  in  the  southwestern  por- 
tion of  the  county,   but  in  general  the  Cretaceous  of  this 
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region  carries  very  little  argillaceous  material.  The  sedi- 
ments  of  which  the  forination  was  formed  were  mainly  the 
result  of  mechanical  disintegration. 

The  sandstones  are  wi<lesi»read  and  are  found  outcropping 
throughout  the  area  indicated  on  the  map.  They  are  litho- 
logieally  similar  to  the  sandstones  of  the  coal  measures,  and 
perhaps  could  not  be  differentiated  from  the  latter  if  it  were 
not  for  the  presence  of  the  pebbles  characteristic  of  the 
gravels.      The    lithological   resemblance    makes    it    easy   to 


fli.    D&kota  coDglomerite  near  tileailon,    Center  ot  rdllwEir  gruval  pit. 


assign  the  coal  measures  as  the  source  of  the  sand  of  the  Cre- 
taceous. This  is  well  in  accord  with  the  stratigraphy  of  the 
region.  The  gravel  is  perhaps  the  most  interesting  member 
of  the  Cretaceous.  It  is  wholly  unlike  any  other  gravel  or 
conglomerate  in  this  portion  of  the  state  and  cannot  be  con- 
fused with  anything  in  the  coal  measures.  In  eastern  Iowa, 
outliers  have  been  noted  bj'  Norton*  which  carry  chert  and 
quartz  pebbles,  with  occasional  bits  of  red  jasper  and  pink 

•Nortoo:    Iowa  Qeol.  Surv..  vol.  IIT  p.  128. 
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quartz,  and  which  are  of  Carboniferous  age,  but  no  such  beds 
are  known  in  the  coal  measures  of  central  Iowa.  In  addition 
to  the  cherts  and  quartzes  found  in  the  Guthrie  conglomerate 
or  gravel  are  numerous  silicifled  bits  of  fossils,  the  following 
being  determined  by  Professor  Calvin. 

CyatbopbjUum^  sp. 
Brjazoa;  Devonian? 
Spm&r,  of.  S.  eudora;  Niagara. 
Faroaites  favosttSy  Goldf.;  Niagara. 
Streptelasmay  sp 

Favosites  biswgcri,  Ed  &  H.  (F.  veousiaa  (Hall)  Rom.,  Astrocerlum  venustum 
Hall);  Niagara 

PtycbopbjIIam  exp^nsam,  Owen;  Niagara 
Streptelasma  spoogaxis,  Rom.??;  Niagara. 
Zapbrentia  stokeai,  Ed.  &  H.;  Niagara. 
Favositeay  cf.  F.  bispidasj  Rom.,  Niagara.. 

The  presence  of  these  fossils  derived  from  the  older  Pale- 
ozic  of  eastern  Iowa  indicates  that  before  the  conglomerate 
was  formed  eastern  Iowa  had  been  exposed  to  erosion  for  a 
very  long  time  and  apparently  had  been  base-leveled.  Only 
the  cherts  and  siliceous  fragments  which  were  left  practically 
untouched  by  solution  remained.  It  should  be  noted  further- 
more that  the  conglomerate,  though  it  is  made  up  of  very 
hard  material  only,  and  though  it  was  manifestly  formed  after 
a  long  time  interval  of  erosion,  is  not  strictly  a  basal  con- 
glomerate. In  every  observed  case  it  rests  upon  sands  and 
finer  material  which  are  of  the  same  age  and  do  not  belong  to 
an  earlier  formation.  The  Cretaceous  sea  apparently  crept 
in  over  a  base  leveled  country.  Mechanical  agencies  became 
supreme  after  a  long  period  in  which  solution  had  been  at  work. 
The  friable  material  of  the  coal  measures  was  first  broken 
up  and  redeposited  as  sand.  It  did  not  form  a  basal  conglom- 
erate, since  it  was  too  easily  disintegrated  to  take  conglomer- 
atic form.  When  the  sea  laid  under  tribute  the  previously 
leached  plains  of  the  earlier  paleozoic  it  found  the  surface  cov- 
ered with  hard  material  already  separated,  and  a  conglom- 
erate resulted.     Conglomerates  do  not  necessarilv  mean  the 
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breaking  up  of  rock,  and  great  unconformities  are  by  no 
means  always  marked  by  conglomerates.  The  latter  are 
formed  merely  when  the  sea  can  get  hold  of  suitable  mate- 
rial, and  that  may  be  when  it  first  invades  a  region  or  some 
little  time  after,  as  in  this  case. 

The  beds  here  referred  to  the  Cretaceous  are,  as  has 
been  said,  unconformable  upon  the  coal  measures  and  repre- 
sent a  later  period  of  deposition.  They  are  evidently  much 
later  than  the  paleozoics  of  eastern  Iowa  from  which  the  chert 
nodules  were  derived.  They  were  made  by  the  sea  creeping 
in  over  an  apparently  base-leveled  surface. 

The  deposits  found  in  Guthrie  county  represent  shore 
deposits,  but  they  do  not  represent  the  greatest  eastern 
extent  of  the  Cretaceous  in  Iowa,  nor  does  the  present  line  of 
outcrops  represent  exactly  the  present  eastern  limit  of  the 
formation.  It  is  altogether  probable  that  outliers  will  be 
found  in  this  and  the  counties  to  the  east.  Dr.  James  Lons- 
dale reports  an  outlier  in  Jackson  township  (Tp.  79  N.,  R. 
XXX  W.,  E.  i.  Sec.  27).  In  wells  in  the  northeastern  por- 
tion of  Guthrie  it  is  usual  to  find  sandstone  below  the  drift. 
In  many  cases  this  is  probably  Cretaceous,  especially  since  it 
seems  frequently  to  be  covered  by  gravels  such  as  belong  to 
that  formation.  The  sandstone  may,  however,  belong  to 
the  coal  measures  and  the  gravels  may  represent  the  drift,  so 
that  it  is  not  possible  accurately  to  discriminate  the  Creta- 
ceous. Similar  beds  have  been  penetrated  in  certain  wells  in 
Dallas  county  and  the  peculiar  gravel  charateristic  of  the 
Cretaceous  is  abundant  in  the  drift  of  that  county.  Possibly 
some  of  the  gravel  is  in  situ.  Certainly  much  of  it  has  been 
very  little  moved.  Cretaceous  fossils  have  frequently  been 
found  far  to  the  east  of  the  present  outcrops.  Keyes  has 
found  well  preserved  fossils  in  the  drift  at  Des  Moines.* 
Whitef  has  reported  them  from  the  drift  of  Howard,  Black 
Hawk  and  Johnson  counties,   and  Worthen:}:   notes  similar 

*Proc.  Iowa  A.cad.  Scl.,  vol.  I.  pt.  11, 1890-1891,  p.  81.   1891. 
tProc.  Am.  As.  Adv.  Sci.,  vol.  XXI,  pp.  187-190.    1873. 
9Geol.  Sury.  111.,  vol.  VIII,  pp.  3-7.    1890. 
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occurrences  in  Iowa,  Illinois  and  Missouri.  N.  H.  Winchell 
has  reported  Cretaceous  in  situ  as  far  east  as  Goodhue*  and 
Dakotat  counties  in  Minnesota.  H.  V.  Winchell  has  found 
Cretaceous  beds  in  the  northeastern  portion  of  the  same 
state,  t  the  beds  being  also  described  by  Spurr.§ 

These  various  occurrences  make  it  evident  that  the  Creta- 
ceous formerly  extended  much  farther  east.  Lithologically 
similar  deposits  occur  at  points  throughout  Iowa,  Illinois, 
Minnesota  and  Wisconsin.  Some  of  these  have  been  shown  to 
be  of  Carboniferous  age.  i  Others,  including  the  Rockville 
conglomerate  described  by  McGee,*r  have  been  referred  to  the 
Cretaceous.  Still  others  have  been  considered  to  be  Tertiary.** 

It  is  certain  that  while  some  of  these  outliers  may  be  cor- 
rectly correlated  with  the  Guthrie  county  beds  others  may  be 
of  later  or  earlier  age.  The  sea  advancing  over  the  paleozoic 
rocks  of  the  upper  Mississippi  valley  after  a  period  of  base- 
leveling  would  be  apt  to  build  up  the  same  sort  of  beds, 
regardless  of  the  time  of  the  invasion.  In  this  case  a  correla- 
tion upon  homogenytt  or  community  of  genesis,  would  alone 
lead  to  unsatisfactory  results.  Fortunately  there  is  bet- 
ter evidence  of  the  age  of  the  Guthrie  county  Cretaceous. 
While  fossils  are  not  abundant  they  have  been  found.  St. 
John  mentions+i  "impressions  of  linear  leaves"  derived 
from  the  sandstone  on  Beaver  creek.  The  specimens  col- 
lected in  the  course  of  the  present  work  from  the  railway  cut 
near  Glendon  have  been  already  mentioned.  Cretaceous 
invertebrate  fossils  have  been  from  time  to  time  found  in  the 
drift,  but  so  far  they  have  not  been  discovered  in  situ.  Speci- 
mens of  Callista,  Cardium  and  Buccino-f  usus,  collected  near 


*Geol.  Nat  Hist.,  Surv.  Mian.,  Final  Rept.,  vol.  II,  pp.  44,  45.    1888. 

tlbld,  84. 

^Sixteenth  Ann.  Kept.,  Minnesota  Oeol.  Nat.  Hist.  Surv.,  396-478.    1888.    A.mer.  Oeol.,  XII. 
2S0-223.    1803. 

SGeol.  Nat.  Hist.  Surv.,  Minnesota,  Bui.  X,  pp.  80, 148-190.    1804. 

lOsborn:    Proc.  Iowa  Acad.  Scl.,  vol.  I,  pt.  11,  1809-1891,  p.  116.    1802.    Norton:    Iowa  G^eol. 
Surv  ,  vol.  Ill,  pp.  120-130.    1»>03. 

If  Eleventh  Ann.  Bept.,  U.  9.  Oeol.  Surv.,  pt.  1,  pp.  304-308.    180L. 

••Worthen:    Geol.  Surv.  Ill    vol.  I,  p.  330,  U66;   Ibid  ,  vol.  IV,  p.  01, 1890;  vol.  VIII,  3-7. 1890. 
Salisbury:    Jour.  Geol.,  vol.  Ill,  055-667.    Chicago,  1895. 

ttMcGee:    Am.  Jour.  Scl.,  (3>,  vol.  XL,  pp.  36-41.    1890. 

:^Op.  cit.,  p.  104. 
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Stuart  by  Mr.  E.  E.  Hadley,  are  quite  well  preserved, .  and 
show  portions  of  the  matrix  in  which  they  were  imbedded. 
This  is  a  coarse-grained,  friable  sandstone,  identical  in  char- 
acter with  that  which  occurs  so  abundantly  in  the  Cretaceous 
of  the  vicinity. 

The  stratigraphical  relations  make  it  evident  that  the  beds 
may  not  only  be  referred  to  the  Cretaceous  but  more  specifi- 
cally to  the  Dakota.  When  first  described  by  White*  and  St. 
Johnt  they  were  referred  to  the  Nishnabotna,  which  was  con- 
sidered to  be  the  equivalent  of  a  portion  of  the  Dakota  as 
defined  by  Meek  and  Hay  den.  t  The  typical  Nishnabotna  is 
exposed  in  Cass,  Adams,  and  Montgomery  counties,  §  and  is 
clearly  the  stratigraphic  equivalent  of  the  Guthrie  county 
beds.  At  Lewis,  in  Cass  county,  1  and  at  Red  Oak,  in  Mont- 
gomery county, •[  plant  remains  have  been  found  which  Meek 
considered  to  be  the  same  as  species  occurring  in  the  '  'Lower 
Cretaceous  of  Nebraska, ' '  Dakota,  as  now  known. 

North  of  Guthrie  county  the  Cretaceous  crops  out  in 
Greene,**  CarroUft  and  Sactt  counties.  Near  Auburn,  in  the 
latter  county,  it  is  found  in  connection  with  the  chalk  depos- 
its, §§  as  at  Sioux  City.  The  distribution,  stratigraphical  posi- 
tion, fauna  and  flora  so  far  as  known,  and  the  lithological  char- 
acter of  these  various  outcrops  place  them  together  and  indi- 
cate that  they  are  of  Dakota  age;  that  they  represent  the 
basal  portion  of  the  Cretaceous  of  the  state.  The  upper  beds 
found  near  Sioux  City  are  not  now  present  in  the  region 
though  it  is  not  improbable  that  they  may  at  one  time  have 
been  present.  The  long  and  vigorous  erosion  to  which  the 
region  was  subjected  between  the  close  of  the  Cretaceous  and 
the  beginning  of  the  Pleistocene  has  cut  away  all  but  a  rem- 
nant of  the  formation. 

*  White:    Geol.  Iowa,  vol.  I,  p.  990.    1870. 

tSt.  John:    Idem,  vol.  II,  p.  99. 

tWhlte:  Loc.  clt. 

SLonsdale:    Iowa  Geol.  Bar  v.,  vol.  IV,  pp.  412-424.    1894. 

I  Lonsdale:    Op.  clt.,  413. 

^ White:    Am.  Joup.  Scl.,  f«),  XLIV.  119.    1867. 

**St.  John :    Geol.  Iowa,  vol.  II,  p.  133. 1870. 

ft  Id  em:    pp.  143-146. 

ttLonsdale:    Proc.  Iowa  A.cad.  Sci.,  II,  1884. 

6§0alvln:    Iowa  Geol.  Surv.,  Ill,  p.  286.    173.    1895. 
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quartz,  and  which  are  of  Carboniferous  age,  but  no  such  beds 
are  known  in  the  coal  measures  of  central  Iowa.  In  addition 
to  the  cherts  and  quartzes  found  in  the  Guthrie  conglomerate 
or  gravel  are  numerous  silicifled  bits  of  fossils,  the  following 
being  determined  by  Professor  Calvin. 

Cyatbopbjllum,  sp. 
Brjrazoa;  Devonian? 
Spiri&r^  cf.  S.  eudora;  Niagara. 
FavosiUs  favosas,  Goldf.;  Niagara. 
Streptelasma,  sp 

Favosites  bisivgm,  Ed  &  H.  (F.  venusiaa  (Hall)  Rom.,  Astrocenam  veoostam 
Hall);  Niagara 

Ptycbopbjllum  cxp^nsam,  Owen;  Niagara 
Streptelasma  spoogaxis^  Rom.??;  Niagara. 
Zapbrentis  stokesi,  Ed.  &  H.;  Niagara. 
Favositesy  cf.  F.  bispidus,  Rom.,  Niagar.\. 

The  presence  of  these  fossils  derived  from  the  older  Pale- 
ozic  of  eastern  Iowa  indicates  that  before  the  conglomerate 
was  formed  eastern  Iowa  had  been  exposed  to  erosion  for  a 
very  long  time  and  apparently  had  been  base-leveled.  Only 
the  cherts  and  siliceous  fragments  which  were  left  practically 
untouched  by  solution  remained.  It  should  be  noted  further- 
more that  the  conglomerate,  though  it  is  made  up  of  very 
hard  material  only,  and  though  it  was  manifestly  formed  after 
a  long  time  interval  of  erosion,  is  not  strictly  a  basal  con- 
glomerate. In  every  observed  case  it  rests  upon  sands  and 
finer  material  which  are  of  the  same  age  and  do  not  belong  to 
an  earlier  formation.  The  Cretaceous  sea  apparently  crept 
in  over  a  base  leveled  country.  Mechanical  agencies  became 
supreme  after  a  long  period  in  which  solution  had  been  at  work. 
The  friable  material  of  the  coal  measures  was  first  broken 
up  and  redeposited  as  sand.  It  did  not  form  a  basal  conglom- 
erate, since  it  was  too  easily  disintegrated  to  take  conglomer- 
atic form.  When  the  sea  laid  under  tribute  the  previously 
leached  plains  of  the  earlier  paleozoic  it  found  the  surface  cov- 
ered with  hard  material  already  separated,  and  a  conglom- 
erate resulted.     Conglomerates  do  not  necessarily  mean  the 
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breaking  up  of  rock,  and  great  unconformities  are  by  no 
means  always  marked  by  conglomerates.  The  latter  are 
formed  merely  when  the  sea  can  get  hold  of  suitable  mate- 
rial, and  that  may  be  when  it  first  invades  a  region  or  some 
little  time  after,  as  in  this  case. 

The  beds  here  referred  to  the  Cretaceous  are,  as  has 
been  said,  unconformable  upon  the  coal  measures  and  repre- 
sent a  later  period  of  deposition.  They  are  evidently  much 
later  than  the  paleozoics  of  eastern  Iowa  from  which  the  chert 
nodules  were  derived.  They  were  made  by  the  sea  creej^ing 
in  over  an  apparently  base-leveled  surface. 

The  deposits  found  in  Guthrie  county  represent  shore 
deposits,  but  they  do  not  represent  the  greatest  eastern 
extent  of  the  Cretaceous  in  Iowa,  nor  does  the  present  line  of 
outcrops  represent  exactly  the  present  eastern  limit  of  the 
formation.  It  is  altogether  probable  that  outliers  will  be 
found  in  this  and  the  counties  to  the  east.  Dr.  James  Lons- 
dale reports  an  outlier  in  Jackson  township  (Tp.  79  N. ,  R. 
XXX  W.,  E.  i.  Sec.  27).  In  wells  in  the  northeastern  por- 
tion of  Guthrie  it  is  usual  to  find  sandstone  below  the  drift. 
In  many  cases  this  is  probably  Cretaceous,  especially  since  it 
seems  frequently  to  be  covered  by  gravels  such  as  belong  to 
that  formation.  The  sandstone  may,  however,  belong  to 
the  coal  measures  and  the  gravels  may  represent  the  drift,  so 
that  it  is  not  possible  accurately  to  discriminate  the  Creta- 
ceous. Similar  beds  have  been  penetrated  in  certain  wells  in 
Dallas  county  and  the  peculiar  gravel  charateristic  of  the 
Cretaceous  is  abundant  in  the  drift  of  that  county.  Possibly 
some  of  the  gravel  is  in  situ.  Certainly  much  of  it  has  been 
very  little  moved.  Cretaceous  fossils  have  frequently  been 
found  far  to  the  east  of  the  present  outcrops.  Keyes  has 
found  well  preserved  fossils  in  the  drift  at  Des  Moines.* 
Whitef  has  reported  them  from  the  drift  of  Howard,  Black 
Hawk  and  Johnson  counties,   and  WorthenJ   notes  similar 

*Proc.  Iowa  A.cad.  Scl..  vol.  I.  pt.  11, 1800-1091,  p.  21.   1M)I. 
tProc.  Am.  As.  Adv.  Scl.,  toI.  XXI,  pp.  187-190.    1873. 
9Geol.  Sury.  111.,  vol.  VIII,  pp.  8-7.    1890. 
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vKvvinvnc^^H  in  Iowa,  Illinoii*  and  Mu^HOurL  X.  IL  ^zzf 
^AS  r\^iH>rttMl  ('rota<M»<)UH  in  hUu  aH  far  east  as  Goochu*:*  ac-i 
IVikv^u^  rountit*H  in  MinneHf>ta.  IL  \.  Wineheii  bas  f->"j:ni 
v>x^t^u-^H>xis  IhhIs  in  th(3  northejiHtem  portion  of  the  sair:-e 
^^u\;  iho  IhhIs  hoinjif  also  (loH<;ribed  by  Spurr.>' 

V  vn^^  Nuriiuus  (HH*urnMuu5H  make  it  evident  that  the  Creta- 

x>  . >  t\\*u\orly  oxtoniUul  much  farther  east.     Lithologically 

>^      .1  •  v:vtH>5vitH  iHTur  at  points  throughout  Iowa,  Illinois. 

%  >*.  :.i  And  Wisoonsin.     Some  of  these  have  been  shown  to 

%:         .\i  .w^titVixnis  ajjo.  II     Others,  including  the  Roekrille 

•     ^       V  /i:o  vUnsoviIhhI  hy  Mediae,*  have  been  referred  to  the 

-     V*  •  ,  >.  S: .  '  v^t  luM's  havc>  boon  considered  to  be  Tertiary.** 

•   ^  *  •.,  t  t.\u  whilo  some  of  these  outliers  may  be  cor- 

»    — .  .>:-v\l  >^ith  tho  lluthrie  county  beds  others  may  be 

o     vr  js^\    Tho  sea  advancing  over  the  paleozoic 

'     x^         »,       .vr  Mi>s.issippi  valley  after  a  period  of  base- 

^    *.  •.  ..    x^  Ai^t  to  buiUl  up  the  same  sort  of  beds, 

-  .  -  ^     ::<^        V  :.^wfce  vvf  tho  invasion.    In  this  case  a  correla- 

.  .  ^  iiKxva\  *  •  v^r  vHnumiuiity  of  genesis,  would  alone 

..^^Kvv^v  t\Nsu\ts,      Fortunately  there  is  bet- 

N^  -M^"  ^^f  tho  (luthrie  county  Cretaceous. 

-*    TV  V  jt>v:vAliiwt  thoj'  have  been  found.     St. 

.:v^        *    I  's>\^Kn^s  of  linear  leaves"   derived 

.,'^..;^     ^tt    :><\ivvr  civok.     The  specimens  col- 

„  X     .     tv  **rr>sout  work  from  the  railway  cut 

,,  •     Hva   >jfc!rv\idy  moutioned.      Cretaceous 

>5N.  :v  \»  n   xva  fvvvm  timo  to  time  found  in  the 

..   V  K^c  Nvu  dis<.\>voivd  in  situ.    Speci- 

^ -^        .••       •   %:Ki  i^uvvino-fusus.  collected  near 

«..^»^«te     v^..   Xai»^  :t*»ift.  $UM  .  M^-iTS.    l«i^    Amer.  G«oL«  XII. 
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Stuart  by  Mr.  E.  E.  Hadley,  are  quite  well  preserved,  and 
show  portions  of  the  matrix  in  which  they  were  imbedded. 
This  is  a  coarse-grained,  friable  sandstone,  identical  in  char- 
acter with  that  which  occurs  so  abundantly  in  the  Cretaceous 
of  the  vicinity. 

The  stratigraphical  relations  make  it  evident  that  the  beds 
may  not  only  be  referred  to  the  Cretaceous  but  more  specifi- 
cally to  the  Dakota.  When  first  described  by  White*  and  St. 
Johnt  they  were  referred  to  the  Nishnabotna,  which  was  con- 
sidered to  be  the  equivalent  of  a  portion  of  the  Dakota  as 
defined  by  Meek  and  Hay  den.  t  The  typical  Nishnabotna  is 
exposed  in  Cass,  Adams,  and  Montgomery  counties,  §  and  is 
clearly  the  stratigraphic  equivalent  of  the  Guthrie  county 
beds.  At  Lewis,  in  Cass  county,  ||  and  at  Red  Oak,  in  Mont- 
gomery county, •[  plant  remains  have  been  found  which  Meek 
considered  to  be  the  same  as  species  occurring  in  the  "Lower 
Cretaceous  of  Nebraska, ' '  Dakota,  as  now  known. 

North  of  Guthrie  county  the  Cretaceous  crops  out  in 
Greene,**  CarroUtt  and  Sactt  counties.  Near  Auburn,  in  the 
latter  county,  it  is  found  in  connection  with  the  chalk  depos- 
its, §§  as  at  Sioux  City.  The  distribution,  stratigraphical  posi- 
tion, fauna  and  flora  so  far  as  known,  and  the  lithological  char- 
acter of  these  various  outcrops  place  them  together  and  indi- 
cate that  they  are  of  Dakota  age;  that  they  represent  the 
basal  portion  of  the  Cretaceous  of  the  state.  The  upper  beds 
found  near  Sioux  City  are  not  now  present  in  the  region 
though  it  is  not  improbable  that  they  may  at  one  time  have 
been  present.  The  long  and  vigorous  erosion  to  which  the 
region  was  subjected  between  the  close  of  the  Cretaceous  and 
the  beginning  of  the  Pleistocene  has  cut  away  all  but  a  rem- 
nant of  the  formation. 

*  White:    Geol.  Iowa,  vol.  I»  p.  fSid.    1870. 

tSt.  John:    Idem,  vol.  II,  p.  99. 

tWhite:  Lcc.  cit. 

SLonsdale:    Iowa  Geol.  Bnrv.,  vol.  IV,  pp.  412-424.    1894. 

I  Lonsdale:    Op.  clt.,  413. 

IF  White:    Am.  Jour.  Scl.,  («),  XLIV,  119.    1867. 

**8t.  John :    Qeol.  Iowa,  vol.  II,  p.  133. 1870. 

ftldem:    pp.  143-145. 

ttLonsdale:    Proc.  Iowa  Acad.  Bel.,  IE,  1804. 

6§0alvln:    Iowa  Geol.  Burv.,  Ill,  p.  226.    173.    1895. 
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PLEISTOCENE. 

GENERAL  RELATIONS. 

Guthrie  county  lies  on  the  southwestern  border  of  the  Des 
Moines  lobe  and  affords  an  opportunity  for  studying  the  rela- 
tions obtaining  between  the  Wisconsin  and  the  underlying 
drifts.  The  two  formations  present  may  be  studied  not  only  as 
superimposed  but  a  s  deployed.  The  contrasts  between  the  drift 
within  and  without  the  Des  Moines  lobe  are  well  displayed, 
and  differences  which  might  fail  of  recognition  under  one  set 
of  conditions  are  obvious  under  the  other.  The  region  is  as  a 
result  an  exceptionally  interesting  one  to  all  students  of  gla- 
cial geology.  The  interesting  topographic  contrasts  have 
already  been  suggested.  It  remains  to  study  more  in  detail 
the  formations  themselves. 

KANSAN    DRIFT. 

The  outlying  drift  sheet  is  that  known  as  the  Kansan  drift. 
The  lowan  drift  does  not  appear  upon  the  southern  and  south- 
western borders  of  the  Des  Moines  lobe.  The  drift  present 
agrees  in  character  with  that  which  has  been  called  Kansan 
in  other  reports  of  the  Survey.*  It  has  the  same  general  con- 
stitution, being  fundamentally  a  blue  bowlder  clay  weathered 
above  into  a  yellow,  which  in  turn  is  usually  a  deep  reddish 
brown  at  the  surface.  It  contains  the  same  sorts  of  pebbles, 
an  examination  near  the  Driscoll  mine  showing  quartzite  prob- 
ably from  the  Sioux  formation,  sandstone  from  the  Creta- 
ceous, shale  and  limestone  from  the  coal  measures,  light  gray 
granites,  pink  quartz,  porphyry,  greenstone,  vein  quartz  and 
other  varieties  of  rock  from  extra-limital  sources. 

There  is  the  usual  large  amount  of  local  material,  and  large 
numbers  of  greenstones.  The  granitic  bowlders  are  badly 
rotted  and  easily  broken  to  pieces.  The  upper  surface  of  the 
drift  shows  marked  ferrugination  and  leaching.  The  drift 
has  all  the  characteristics  of  an  old  drift  long  exposed  to 

^Norton:  Iowa  Oeol.  Sarv.,  vol.  IV,  p.  169.  1885.  Bain:  Ibid,  vol.  V,  p.  163.  1696.  Beyer: 
Ibid,  vol.  V,  p.  203.  1896.    Oalvin:    Ibid,  vol.  V,  p.  63-65.    1896. 
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weathering  agencies  in  situ.  As  has  already  been  seen,  the 
topography  is  suggestive  of  the  same  history.  The  lowan 
drift  of  northeastern  Iowa  is  thinner,  of  different  color — a 
light  yellow — carries  many  large  surface  bowlders,  shows  many 
fresh  cobbles,  and  only  a  few  that  are  badly  decomposed.  It 
has  a  less  percentage  of  local  material  and  a  higher  percent- 
age of  gray  granite,  and  shows  almost  no  leaching  or  ferru- 
gination.  Upon  these  differences  alone  there  would  be  ground 
for  separating  the  two. 

The  topography  gives  further  warrant  for  a  separation. 
The  topography  of  both  areas  is  a  river  erosion  topography, 
and  the  drainage  is  complete.  The  Kansan  topography  has, 
however,  much  greater  relief  than  the  lowan.  The  latter  is 
marked  by  a  series  of  wide  shallow  river  valleys  havitig  no 
marked  river  trenches.  The  marked,  though  not  easily 
expressed  contrast  between  the  typical  river  valley  of  the 
lowan  drift  area  and  that  of  the  Kansan,  affords  yet  another 
reason  for  distinguishing  between  the  outlying  drift  of  Guthrie 
county  and  the  lowan.  Aside  from  these  differences  is  the 
fact  that  the  Kansan,  as  developed  in  Guthrie,  may  be  traced 
around  the  southern  end  of  the  Des  Moines  lobe,  being  char- 
acteristically developed  in  Dallas,  Polk  and  Jasper  counties, 
into  Marshall,  where  it  is  known  to  pass  beneath  the  lowan. 
It  may  also  be  traced  more  to  the  southward,  as  far  east  as 
Johnson  and  Cedar  counties,  where  the  same  relationship 
holds  true.  The  outlying  drift  of  Guthrie  county  is  not  then 
the  next  drift  sheet  in  point  of  age  preceding  the  Wisconsin ; 
but  is  still  older.  There  is  here  an  unconformity  and  overlap 
as  real  as  any  shown  by  the  indurated  formations. 

That  there  may  be  a  still  older  drift  sheet  present  seems 
probable  from  the  phenomena  observed  in  other  counties.  At 
Afton  in  Union  county,  at  Harvey  in  Marion,  at  Hastie  in 
Polk  and  at  many  other  points,  the  Kansan  drift  is  known  to 
overlie  a  still  older  sheet  of  till.  In  Guthrie  countj^  there  is 
a  certain  amount  of  evidence  which  points  in  the  same  direc- 
tion.    At  Stuart  there  is  a  bed  of  fine  sand  lying  ninety  feet 


462  GEOLOGY  OF  GUTHRIE  COUNTY. 

below  the  upland  on  which  the  station  is  built  and  outcrop- 
ping in  some  of  the  neighboring  ravines.  This  bed  is  ten  to 
fourteen  feet  thick  and  is  made' up  of  thoroughly  rounded 
particles  1  to  2  mm.  in  diameter,  consisting  mainly  of  quartz 
and  feldspar  with  occasional  bits  of  some  ferro-magnesian 
constituent.  The  bed  seems  to  occupy  a  constant  horizon 
and  is  the  source  of  the  local  water  supply.  Below  it  is 
reported  a  fine  pebbleless  blue  clay  with  lime  nodules  but  no 
pebbles,  and  said  to  be  fossiliferous.  It  is  not  now  exposed, 
but  was  at  one  time  tested  for  brick  making  and  at  that  time 
the  lime  content  was  found  to  be  high.  The  description  fits 
well  a  buried  loess  or  at  least  a  lake  deposit.  Such  a  deposit 
might  of  course  have  been  formed  at  some  stage  in  the  retreat 
or  advance  of  the  Kansan  ice,  but  it  might  also  be  formed  in 
inter-glacial  time  and,  particularly  if  the  clay  be  a  loess,  falls 
in  nicely  with  the  evidence  derived  from  the  surrounding 
region  and  pointing  to  a  widespread  pre-Kansan  drift.  In 
the  recent  boring  at  Stuart  158  feet  of  bowlder  clay  was 
found  below  the  buried  sand  beds.  This  lower  bowlder  clay 
here  evidently  occupies  a  buried  channel  cut  almost  through 
the  Bethany  limestone. 

At  the  Belle  Valley  millexposure  there  is,  over  the  upper 
sandstone,  a  bed  of  coarse  cross-bedded  sandy  conglomerate 
eight  to  ten  feet  thick.  It  is  made  up  almost  wholly  of  mate- 
rial derived  from  the  Dakota  gravel  but  includes  also  some 
greenstones,  granite  and  glacial  material.  It  is  covered  by 
three  or  four  feet  of  coarse  sand  running  up  into  a  sandy 
loess-like  material.  The  deposit  is  well  down  in  the  valley 
and  may  be  considered  to  be  post-Kansan.  Probably  it  is 
also  pre-Iowan  and  hence  the  equivalent  of  the  Buchanan 
gravels  of  eastern  Iowa. 

The  Kansan  drift  does  not  outcrop  over  large  surface  areas 
within  this  county  since  it  is  quite  generally  covered  either 
by  alluvium  or  by  loess.  It  is  found  over  limited  areas  on  the 
high  divides  and  quite  generally  along  the  stream  ways.  It 
may  usually  be  seen  in  road  cuttings  on  either  side  of  the 
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ravines.  As  has  already  been  indicated,  the  valleys  are  in  the 
main  earlier  than  the  loess.  The  latter  is  found  not  only  on 
the  divides  but  runs  down  into  the  valleys  so  that  frequently 
the  drift  is  not  exposed  at  all.  The  side  ravines  usually 
expose  the  drift,  however,  and  it  is  not  infrequently  shown 
along  the  main  streams  since  the  pre-loessial  contours  seem 
on  the  whole  to  have  been  sharper  than  the  post-loessial. 
The  result  is  that  any  side  wash  has  a  tendency  to  reveal  a 
line  of  drift,  just  as  the  indurated  rocks  because  of  their 
superior  hardness  form  shoulders  along  the  sloping  valley 
sides. 

lOV^^AN   LOESS. 

The  loess  present  is  of  the  usual  character,  being  a  fine, 
pebbleless,  buff,  silt-like  material.  It  was  described  in  the 
earlier  reports  as  the  "  bluff  deposit "  and  its  presence  east 
of  the  Missouri  divide  was  recognized.  It  is  here  referred  to 
as  the  lowan  loess,  since  it  is  believed  to  be  the  equivalent  in 
this  region  of  the  lowan  drift  farther  north  and  now  in  part 
buried  under  the  Wisconsin  drift.  It  is  believed  that  loess  of 
widely  different  ages  occurs  in  the  Mississippi  valley  and 
probably  in  Iowa,  and  the  qualifying  term  is  added  for  the 
purpose  of  definitely  fixing  the  age  of  this  particular  loess. 
The  basis  of  the  correlation  is  the  fact  that  loess,  apparently 
the  same,  may  be  traced  around  the  southern  limit-  of  the 
Wisconsin  to  Marshall  county  where  it  comes  into  contact 
with  the  lowan.  It  follows  the  border  of  the  latter  south- 
east, never  lapping  very  far  up  on  the  drift,  to  Johnson 
county.  Here  its  definite  relationship  to  the  lowan  drift  is 
excellently  shown.*  Furthermore,  the  lowan  ice  sheet,  as 
shown  by  its  border,  probably  marked  a  period  of  low  level 
and  clogged  drainage  such  as  is  indicated  by  the  relations  of 
the  loess  in  Guthrie  county  to  the  pre-existing  river  valleys. 
This  period  was  between  the  Kansan  and  the  Wisconsin  as 
was  also  the  period  of  loess  deposition  in  this  region,  as  is 
shown  by  the  fact  that  the  loess  covers  the  Kansan  and  passes 

Calvin:    Geology  of  Johnsoa  county,  Iowa  Oeol.  8ary.,  vol.  VII,  pp.  88-89.    1897. 


404  GEOLOGY  OF  GUTHRIE  COUNTY. 

beneath  the  Wisconsin.  It  was  separated  by  a  considerable 
interval  from  the  Kansan,  as  is  proven  by  the  large  amount 
of  erosion  to  which  the  latter  was  subjected  before  the  loess 
was  laid  down.  That  it  passes  beneath  the  Wisconsin  may 
be  seen  upon  the  hillsides  west  of  Panora  where  the  loess  is 
covered  by  the  kame  gravels  of  the  Wisconsin.  The  fact  is 
also  indicated  by  numerous  wells  back  some  distance  from 
the  drift  border,  and  by  ravines  and  stream  cuttings  all  along 
the  margin.  It  is  furthermore  well  in  accord  with  the  facts 
observed  in  other  counties.* 

Uphamf  has  suggested  that  the  presence  of  the  loess  in 
Guthrie,  Carroll,  Sac  and  Buena  Vista  counties  immediately 
west  of  the  moraine  and  the  fact  observed  by  him  that  in 
places  the  loess  rises  fifty  feet  above  the  drift  hills,  proves  the 
contemporaneity  of  the  loess  and  moraine.  It  does  not  seem 
that  this  interpretation  is  necessary  or  indeed  well  in  accord 
with  the  facts.  If  the  explanation  offered  be  true  it  would  be 
expected  that  the  loess  should  be  found  along  the  eastern  front 
of  the  moraine  as  well  as  its  southern  and  western.  That  it 
does  not  occur  in  this  position  is  shown  by  Calvin  in  his  report 
on  Cerro  Gordo  county,  t  The  loess  is  well  developed  outside 
the  Des  Moines  lobe,  where  the  latter  has  overlapped  the 
lowan,  but  not  so  far  as  now  known,  elsewhere.  Again  it 
should  not  be  forgotten  that  the  Wisconsin  drift  is  persist- 
ently fringed  by  gravels  and  similar  deposits  indicative  of 
free  drainage,  while  the  loess  is  indicative  of  conditions  under 
which  the  water  could  not,  or  at  least  did  not,  carry  anything 
but  the  finest  material.  The  two  deposits  are  mutually 
antagonistic.  A  drift  sheet  which  is  constantly  fringed  by 
gravel  is  to  be  differentiated  from  one  constantly  fringed  by 
loess.  The  two  must  have  required  different  conditions.  The 
general  altitude  of  the  land  in  one  case  was  higher  than  in  the 
other.  This  is  not  of  course  to  be  interpreted  as  meaning 
that  local  exceptions  may  not  occur,  but  applies  to  cases 

*  See  Geology  of  Polk  Oounty,  Iowa  Oeol.  Surv.,  vol  VII,  pp  340-81?.   1807. 
tGeol.  Nat.  Hist.  Surv.,  Minn.,  1880,  p.  338. 
tlowa  Geol.  Surv.,  vol.  VII,  pp.  171-176.    1887. 
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where  the  conditions  along  an  entire  drift  border  are  taken 
into  account. 

In  the  case  in  hand  there  is  the  additional  fact  that  the  loess 
passes  directly  under  the  Wisconsin  drift  wherever  its  rela- 
tions have  been  made  out.  It  is  then  older,^and  if  difference 
in  general  erosion  be  any  guide  it  is  considerably  more  ancient 
than  the  Wisconsin  drift.  In  Guthrie  county  no  cases  l^ave 
been  observed  in  which  the  loess  stands  higher  than  the  Wis- 
consin. Such  phenomena  would  not  necessarily  require  the 
ice  as  a  retaining  wall.  The  loess  covers  the  Mississippi-Mis- 
souri divide.  The  land  rises  from  the  east  to  the  divide.  This 
was  apparently  true  before  the  Wisconsin  ice  invaded  the 
region,  so  that  the  land  west  of  the  moraine  would  be  expected 
to  be  higher,  and  where  the  moraine  approaches  the  divide 
running  parallel  to  it  the  difference  might  be  locally  great. 
This  would  be  also  true  if  the  rise  to  the  west  be  a  func- 
tion of  recent  elevation  for  which  belief  there  is  some  evidence. 

With  regard  to  the  length  of  time  between  the  loess  and 
the  Wisconsin  it  may  be  said  that,  assuming  the  relative  free- 
dom of  the  drainage  to  be  a  function  of  the  elevation  of  the 
region,  an  assumption  well  in  accord  with  known  facts  and 
principles,  the  change  in  the  general  altitude  of  the  land 
between  the  deposition  of  the  loess  and  the  Wisconsin  is  sig- 
nificant, and  the  time  interval  was  probably  considerable 
since  epirogenic  movements  are  not  rapid. 

The  loess  then  was  deposited  at  a  time  between  the  Kansan 
and  the  Wisconsin,  and  separated  from  each  by  a  considerable 
interval.  Conditions  favorable  to  loess  deposition  prevailed 
when  the  lowan  ice  occupied  eastern  Iowa,  and  this  time 
accords  well  with  that  required  by  the  facts  in  the  case,  so  the 
loess  of  Guthrie  county  is  referred  to  the  lowan. 

In  the  northwest  portion  of  the  state  there  is  a  drift  which 
is  older  than  the  Wisconsin  and  younger  than  the  Kansan. 
In  constitution,  position  and  topographic  development  it 
resembles  the  lowan  of  eastern  Iowa,  and  it  has  been  provi- 
sionally correlated*  with  that  formation.     There  are  many 

•Iowa  Geol.  Snrv.,  vol.  VII,  p  20.    1897. 
37  O   Rep 
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reasons  in  support  of  the  view  that  this  correlation  is  correct, 
and  so  the  headwaters  of  the  pre-loessial  streams  of  Guthrie 
county  were  doubtless  crossed  by  the  lowan  ice ;  and  in  a 
period  of  general  low  level  with  greatly  expanded  rivers  the 
conditions  for  the  distribution  of  the  loess  over  the  territory 
in  question  would  obtain. 

The  relationships  of  'the  loess  found  here  to  the  loess  of  the 
Missouri  valley  are  perhaps  not  certainly  known.  White  and 
St.  John*  considered  the  two  to  be  the  same,  and  nothing  to 
negative  this  opinion  has  come  out  in  the  present  study, 
though  the  investigation  of  that  phase  of  the  problem  is  not 
yet  so  complete  as  is  desirable. 

WISCONSIN   DRIFT. 

The  drift  covering  the  northeastern  portion  of  the  county 
is,  at  the  surface,  light  buff  in  color,  it  contains  fresh  pebbles, 
is  marked  by  surface  bowlders,  and  is  free  from  a  loess  cover- 
ing. It  contains  relatively  little  material  of  local  origin,  and 
much  which  has  been  transported.  The  large  limestone 
masses  found  north  of  the  Raccoon  river  near  Rocky  Bluff,  and 
probably  derived  from  near  Mankato,  Minnesota,  are  con- 
spicuous examples  of  transported  blocks.  Occasionally  the 
Wisconsin  has  incorporated  not  only  pebbles  from  the  lower 
till  but  blocks  of  the  clay  itself.  Some  distance  southeast  of 
Panora  (Tp.  79  N.,  R.  XXX  W.,  Sec.  15,  Se.  qr.)  in  a  road  cut 
at  the  east  end  of  a  bridge  over  Middle  Raccoon^  this  feature 
is  excellently  shown.  The  Wisconsin  drift  is  here  a  gray  to  buff 
clay  quite  full  of  small  pebbles.  In  it  are  some  large  patches 
of  older  till.  Some  of  these  included  patches  are  as  much  as 
two  feet  in  diameter.  The  older  material  is  sandier  and  con- 
tains more  Cretaceous  material  and  is  much  more  highly  col- 
ored. The  newer  drift  shows  foliation  around  these  inclu- 
sions. 

The  most  distinctive  feature  of  the  Wisconsin  is  perhaps  its 
topography  which  has  already  been  described.      The  drift 

*Gtool.  Iowa*  yol.  II,  p.  87.    1870. 
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border  is  also  highly  characteristic.     At  certain  points  there 

* 

is  a  well-developed  moraine.  This  is  best  seen  not  far  north- 
west of  Fanslers  (Tp.  81 N. ,  R.  XXXI W. ,  Sec.  28,  Sw.  qr. ).  The 
general  upland  here  is  about  130  feet  above  the  river.  It  ia 
flat  and  covered  by  a  thin  sheet  of  Kansan  drift  over  which 
the  loess  is  spread.  Rising  abruptly  from  this  plain  is  the 
moraine  which  attains  an  elevation  of  fifty  feet.  It  is  a  ridge 
of  markedly  rough  topography  and  is  covered  by  large  sur- 
face bowlders.  Inside  the  moraine  the  characteristic  saucer 
topography  is  developed,  and  the  large  bowlders,  while  fre- 
quent, are  rarer  than  along  the  moraine. 

Along  other  portions  of  the  border  there  is  no  trace  of  a 
moraine,  but  instead  the  drift  becomes  thinner  and  thinner 
till  it  fades  out  altogether.  Along  still  other  parts,  nota- 
bly at  Rocky  Bluffs  (Tp.  81  N.,  R.  XXXII  W.,  Ssc.  22,  Se.' 
qr.),  and  along  the  lower  portion  of  the  Middle  Raccoon  val- 
ley, the  ice  pushed  down  into  the  valley  and  occupied  one 
side  of  it.  At  only  one  point  does  it  seem  that  it  may  have 
crossed.  Opposite  Panora,  on  the  main  Guthrie  Center  road 
(Tp.  80  N.,  R.  XXX  W.,  Sec.  31,  Sw.  qr.),  water-laid  gravels, 
of  kame-like  character  are  found  well  toward  the  top  of  the  hill 
distinctly  above  the  loess.  No  till  has  been  found  with  them^ 
but  the  presence  of  the  gravels  far  above  the  usual  gravel 
terrace,  and  the  kame-like  form  seems  to  suggest  a  temporary 
crossing  of  the  ice.  The  gravels  occur  along  the  hillsides  in 
a  small  amphitheatre  drained  by  the  stream  entering  the  river 
from  the  west.  They  are  more  or  'less  perfectly  shown  at 
several  points  and  at  one  or  two  take  an  imperfect  kame  form 
with  a  general  northwest-southeast  direction  of  axis. 

Just  south  of  Panora,  gravels  are  developed  at  lower  levels 
and  show  a  tendency  toward  the  kame  form  of  aggregation. 
The  gravel  terrace  which  lies  at  a  still  lower  horizon  is  excel- 
lently shown  in  the  same  vicinity. 

South  of  Bayard,  and  again  from  Panora  southeast  into 
Dallas  county,  there  is  lower  land  inside  the  drift  border  thau 
along  it.    The  accumulation  along  the  edge  does  not,  however. 
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seem  to  be  morainic,  since  it  is  of  ten  not  a  thickening  of  Wis- 
consin drift,  but  is  due  in  part  to  rock  and  in  part  to  a  special 
accumulation  of  older  drift.  This  appearance  is  often  con- 
fusing but  the  phenomenon  is  not  strictly  morainic.  It  seems 
rather  to  be  the  result  of  stream  rearrangements.  South  of 
Baj'^ard  it  seems  to  indicate  that  Willow  creek  was  formerly 
the  major  stream. 

Overwash  plains  have  not  been  found  in  the  county.  Kames, 
as  already  noted,  occur  near  Panora,  though  they  are  not  so 
well  developed  nor  so  characteristic  as  the  kame  at  High 
Bridge  in  Polk  county. 

There  is  a  well  marked  gravelly  terrace  along  the  Middle 
Raccoon  river.  It  rises  usually  twenty-five  to  thirty  feet  above 
the  river,  and  may  be  seen  at  Rocky  Bluff  very  sharply  defined, 
near  Fansler,  in  the  vicinity  of  Clark's  mine  (Tp.  80  N.,  R. 
XXXI W. ,  Sec.  24,  Ne.  qr.),  and  near  Panora.  It  is  constant  for 
the  whole  river  valley,  but  is  conspicuous  at  the  points 
named.  At  Rocky  Bluflf  the  terrace  forms  a  triangular  strip 
rising  twenty-five  feet  above  the  river.  At  the  Clark  mine 
the  terrace  shows  on  the  west  side  of  the  river,  being  a 
quarter  of  a  mile  wide  and  rising  twenty  feet  above  the  bot- 
tom land.  The  material  of  which  the  terrace  is  composed  is  a 
moderately  coarse  water-laid  gravel  with  more  or  less  coarse 
sand.  It  contains  a  large  amount  of  material  evidently 
derived  from  the  Cretaceous  gravel  beds.  It  does  not  show 
a  close  connection  with  the  character  of  the  underlying  strata 
from  point  to  point  as  does  the  till,  particularly  the  older  or 
Kansan  till. 

There  is  a  well  marked  forest  bed  which  is  frequently 
encountered  in  wells  in  the  northeastern  part  of  the  county, 
particularly  near  the  edge  of  the  Wisconsin  drift.  North  of 
Yale  on  the  Eastwood  farm  (Tp.  81  N.,  R.  XXX  W.,  Sec.  28, 
Sw.  qr.)  the  section  showed  the  following  beds,  the  thickness 
being  given  only  approximately: 
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FBBT. 

6.  Yellow  clay 10 

5.  Blue  clay 30 

4.  Red  clay 3 

3.  Forest  bed 2 

2.  Blue  and  red  clay 5 

].  Sand,  clear  white 10 

In  many  of  the  wells  of  the  vicinity  the  forest  bed  is  not 
reported,  since  the  water  and  gas  for  which  the  wells  were 
put  down  are  found  over  it.  The  country  is  not  cut  by  drain- 
age lines  so  that  there  are  not  many  opportunities  for  exam- 
ining sections  and  none  are  known  which  show  the  forest  bed 
distinctly. 

ALLUVIUM. 

The  river  valleys  of  the  extra- Wisconsin  region  have  usu- 
ally well  marked  alluvial  bottom  lands.  The  major  develop- 
ment of  the  alluvium  is  shown  upon  the  accompanying  map. 
It  is  impossible  to  map  the  smaller  areas  without  the  aid  of  a 
topographic  base  map.  Along  the  smaller  streams  the  allu- 
vium grades  so  imperceptibly  into  the  loess  and  the  hillside- 
wash  from  it  that  no  line  between  the  two  can  be  drawn. 
The  alluvial  areas  as  mapped  include  the  terrace  along  Mid- 
dle Raccoon,  since  the  two  formations  are  not  readily  separated 
upon  a  map  of  this  scale. 

BCONOMIC   PRODUCTS. 

CoaL 

The  coal  mined  in  Guthrie  county  comes  from  a  number  of 
different  horizons.  That  worked  at  the  Greenbriar  mine  in 
the  northeastern  portion  of  the  county  probably  represents 
the  lowest  horizon  now  worked.  Along  Middle  Raccoon  from 
Panora  north  and  west  and  on  Brushy  Fork  are  the  two  hori- 
zons, corresponding  to  numbers  37  and  33  of  the  general  sec- 
tion, which  have  been  opened  up.  Below  number  33  is  the 
coal  found  at  the  Thomas  mine  but  not  as  yet  encountered 
elsewhere.  Southeast  of  Panora  and  west  of  Linden  coal  is 
taken  from  a  thin  bed  near  the  surface  which  seems  to 


470  GEOLOGY  OP  GQTHRIE  COUNTY. 

represent  the  Marshall  coal,  though  this  is  not  wholly  free 
from  doubt. 

The  Lonsdale  coal,  which  has  been  mined  at  numerous 
points  along  Deer  creek,  is  the  highest  coal  mined  in  the 
county.  It  occurs  in  two  and  occasionally  in  three  benches, 
and  while  thin,  is  a  good  persistent  horizon  which  belongs  to 
the  upper  division  of  the  Des  Moines  beds.  Two  other  seams 
of  lesser  importance  outcrop  in  the  vicinity,  as  will  be  seen 
from  the  general  section.  About  100  feet  below  the  Lonsdale 
coal  is  the  seam  formerly  worked  at  Glendon  and  now  opened 
up  at  the  Anderson  mine.  It  is  a  clean,  brittle  coal  with 
good  roof  and  bottom  and  easily  worked  with  the  pick.  It 
probably  extends  over  a  considerable  territory  in  the  vicinity 
mentioned. 

Deeper  coal  seams  have  been  encountered  at  several  points 
but  have  not  been  opened  up.  In  the  northeastern  townships 
the  red  and  blue  shales  of  the  Des  Moines  formation  are  fre- 
quently encountered  below  the  drift,  which  is  usually  100  to 
200  feet  thick.  In  the  Sutherland  well  (Tp.  80  N.,  R.  XX  W., 
Sec.  12,  Se.  Se.)  a  six-foot  bed  of  coal  is  reported  at  240  feet, 
with  a  second  vein  at  300  feet.  Two  seams  at  about  the  same 
depth  were  found  at  Dale  City.  The  latter  well,  while 
located  further  down  the  slight  dip,  was  begun  on  much 
lower  ground.  The  Easton  well,  probably  about  twenty  feet 
above  Stuart  showed  coal  at  248  and  428  feet,  the  seams 
being  said  to  be  four  feet  thick.  This  is  a  churn  drill  record 
of  a  well  put  down  for  water  and  hence  is  not  of  the  highest 
value.  In  a  well  near  De  Soto  the  following  seams  were 
encountered: 

DBPTH—TBET.  THICKNESS— TBBT. 

98 1 

239 2 

263 li 

350 3 

At  Van  Meter  coal  seams  are  present  at  574  and  564  A.  T., 
at  Commerce  the  bed  worked  lies  at  717  A.  T.  and  lower  beds 
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are  known  to  be  present,  and  at  Des  Moines  the  principal 
workable  horizons  are  usually  found  at  779,  705  and  635  A.  T. 
These  facts  indicate  that  up  to  the  outcrop  of  the  Bethany 
limestone  and  for  some  distance  at  least  beyond,  the  Des 
Moines  is  a  coal-bearing  formation.  In  the  Stuart  boring, 
sixteen  inches  of  coal,  divided  by  11  inches  of  black  slate, 
was  found  at  a  depth  of  about  290  feet,  and  a  second  seam  4 
inches  thick  at  453  feet. 

The  complete  record  of  the  Stuart  boring  upon  the  Savage 
&  Dosh  farm,  kindly  furnished  to  the  Survey  by  the  Stuart 
Prospecting  Co. ,  is  given  below. 

TSST.  INCHI8. 

40.  Drift 4 

39.  Sand,  water  vein 4 

38.  Drift,  water  vein 145                9 

37.  Sand 6 

36.  Drift  16 

35.  Sand,  water  vein 3                9 

34.  Limestone - 3 

33.  Sand  shale  light,  pyrite  bands 92 

32.  Clayshale,  light 3 

31.  Limestone,  foBsiliferous 8 

30.  Shale,  blue 10 

29.  Limestone,  fossiliferous 1                2 

28.  Shale,  blue 5 

27.  Limestone 8 

26.  Shale,  black 1                2 

25.  Coal 6 

24.  Shale,  bituminous 11 

23.  Coal 10 

22.  Shale,  light 3 

21.  Sandstone 8 

20.  Shale,  blue,  red  and  brown 31 

19.  Clay  shale,  light 6               10 

18.  Black  shale * 4 

17.  Rock,  gray 7 

16.  Black  shale 2                8 

15.  Whiteshale  6 

14.  Black  shale 2 

13.  Blue  clay  shale - 3 

12.  White  clay  shale 4 

11.  Blue  sand  shale   6 

10.  Red  clay  to  brown  clay 35                9 
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larger  capital  than  has  yet  been  employed  in  the  mining 
industry  of  the  county,  but  it  cannot  be  doubted  that  in  time 
Guthrie  county  will  prove  to  be  a  largely  productive  field.  The 
expense  will  necessarily  be  somewhat  heavy,  as  the  drill  holes 
may  have  to  be  carried  as  far  as  the  Saint  Louis  limestone, 
and  they  must  be  numerous  since  there  are  no  surface  indica- 
tions of  value.  For  obvious  reasons  the  area  over  which  the 
Des  Moines  crops  out  oflPers  the  best  inducements,  though  it 
is  not  unlikely  that  coal  may  be  found  under  the  other  for- 
mations. 

The  Greenbriar  Coal  Co.  operates  a  shaft  located  on  Snake 
creek,  a  tributary  of  the  Raccoon,  about  three  miles  north- 
east of  Herndon,  and  near  Jamaica.  (Tp.  81  N.,  R.  XXX  W., 
Sec.  1,  Ne.  qr.,  Nw.  i.)  The  mine  has  been  operated  for  eight 
years.  The  shaft  is  sixty-eight  feet  deep,  and  the  coal  seam 
averages  two  feet  four  inches  in  thickness.  It  is  covered  by 
forty-seven  feet  of  black  slate.  A  portion  of  the  fire  clay 
below  the  coal  is  lifted  to  make  entry  room.  A  short  distance 
east  of  here,  at  Dawson,  there  is  an  important  mining  industry, 
three  seams  being  known,  twenty-two  inches  at  sixty  feet,  a 
three-foot  vein  at  a  depth, of  115  feet,  and  a  three  and  one-half 
to  four  foot  vein  at  165  feet.  At  Angus,  still  further  to  the 
east,  deep  mining  has  been  carried  on  for  some  years. 

Southwest  of  Linden  (Tp.  79  N.,  R.  XXX  W.,  Sec.  36,  Ne. 
qr.)  a  seventeen-ineh  seam  has  been  worked  at  several  points 
along  the  Raccoon.  New  mines  have  been  opened  from  time 
to  time,  the  Stapes  and  the  Keeler  being  perhaps  best  known. 

Half  way  between  the  Linden  and  the  Panora  mines  is  a 
small  group,  among  which  may  be  mentioned  the  Burgess, 
Fisher  and  Dygert  mines  (Tp.  79  N.,  R.  XXX  W.,  Sees.  16  and 
21).  The  section  at  this  point  has  already  been  given.  At 
the  Burgess  mine  a  twenty-inch  seam  is  reached  by  a  shaft  at 
a  depth  of  fifty-four  feet.     A  lower  vein  is  said  to  occur. 

Near  Panora  mining  has  been  carried  on  for  many  years, 
the  coal  occurring  along  three  horizons,  as  already  noted. 
The  section  at  the  Reese  mine  is  representative.     Within  the 


474  GEOLOGY  OF  GUTHRIE  COUNTY. 

past  year  a  new  shaft  was  put  down  by  Mr.  Reese.  Xear  it 
on  the  east  side  of  the  road  is  the  mine  of  Walker  Emery, 
which  was  also  opened  in  1896.  The  White  Ash  mine  is 
located  on  the  west  side  of  the  river  just  north  of  town  (Tp. 
80  N.,  R.  XXX  W.,  Sec.  31,  Nw.  qr.,  Se.  i).  It  is  inadver- 
tently omitted  from  the  map.  Still  farther  north  (Tp.  80  N., 
R.  XXXI  W.,  Sec.  25,  Se.  qr.)  coal  has  been  mined  at  the 
Harris  mine,  the  bed  being  twenty  inches  thick  and  reached 
by  a  shaft  twenty  feet  deep.  On  the  opposite,  north  side  of 
the  river  (Sec.  24,  Xw.  qr.),  is  the  Clark  mine,  a  new  shaft  with 
well-built  top  works. 

Fanslers  has  long  been  known  as  a  mining  locality.  At 
present  there  are  eight  mines  in  operation,  all  gin  shafts, 
reaching  the  same  coal  horizon.  The  Hughes  mine  (Sec.  9, 
Se.  Se.)  is  eighty  feet  deep,  the  Thomas  (Sec.  9,  Sw.  qr.,  Se.  i) 
and  the  Butler  (Sec.  9,  X w.  qr. ,  Sw.  i)  are  of  the  same  depth. 
The  Renslow  (Sec.  4,  Sw.  Sw.)  is  sixty  feet,  the  Merchants 
(Sec.  4,  Sw.  qr.,  Xe.  i)  is  111.  Xear  the  latter  mine  is  the 
Winter  mine  (Sec.  4,  Xw.  qr.,  Sw.  i).  About  a  mile  and  a  half 
west  are  the  Scott  mine,  at  which,  as  has  been  said,  two  seams 
are  present  (Tp.  81  X.,  R.  XXXI  W.,  Sec.  31,  Se.  qr.,  Sw.  i), 
and  that  owned  by  Mr.  J.  Thomas  (Tp.  80  X.,  R.  XXXI  W., 
Sec.  C,  Xe.  qr.,  Xw.  i).  Xumerous  other  mines  have  been 
opened  up  from  time  to  time,  but  are  now  abandoned. 

South  of  Bayard  coal  has  been  taken  out  at  several  points 
for  many  years.  The  Wales  mine  (Tp.  81  X.,  R.  XXXII  W., 
Sec.  32)  and  the  Perkins  (Sec.  29)  are  drifts.  The  Brushy 
Fork  mine  (Tp.  80  X.,  R.  XXXII  W.,  Sec.  5,  Sw.  Sw.)  and 
the  Burroughs,  formerly  the  Hughes  &  Clark  mines  ( Tp.  81 
X.,  R.  XXXIII  W.,  Sec.  24),  are  shafts.  The  latter,  omitted 
from  the  map  by  mistake,  have  been  in  operation  for  seven 
years,  though  new  shafts  have  been  sunk  from  time  to  time. 

Xear  Guthrie  Center  the  only  coal  found  is  at  the  Anderson 
mine  (Tp.  79  X.,  R.  XXXI  W.,  Sec.  17,  Se.  qr.)  opened  this 
year.  Coal  was  formerly  worked  on  Beaver  creek  west  of 
Glendon  both  by  drift  and  shaft  and  a  thin  seam  was  at  one 
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time  worked  by  means  of  a  drift  northwest  of  Menlo  (Tp.  78 
N.,  R.  XXXI  W.,  See.  16).  North  of  Stuart  coal  has  been 
mined  at  several  points  along  Deer  creek  and  other  tribu- 
taries of  the  Raccoon  river.  In  the  summer  of  1896  the  Dris- 
coU  (Tp.  78  N.,  R.  "XXXI  W.,  Sec.  12,  Sw.  Sw.)  and  the  Lons- 
dale (Tp.  78  N.,  R.  XXX  W.,  Sec.  18,  Sw.  Sw.)  were  the  only 
mines  open.  Both  were  shafts  operated,  as  usual,  with  gins 
and  supply  an  important  local  trade.  The  Lamb  and  the  Sug- 
gert  &  Saint  mines  were  located  in  this  district.  The  Mul- 
doon  mine  (Tp.  78  N.,  R.  XXX  W.,  Sec.  12,  Sw.  Sw.)  is  located 
on  Hog  branch.  All  these  mines  take  coal  from  the  Lonsdale 
vein,  which  has  also  been  from  time  to  time  opened  up  at 
many  other  points  along  Deer  creek  and  the  South  Raccoon. 

Clays. 

The  material  available  in  Guthrie  county  for  manufacture 
into  clay  goods  is  abundant.  The  Des  Moines,  the  Cretace- 
ous, the  loess  and  the  alluvium  are  all  capable  of  furnishing 
material  suitable  for  such  work.  The  heavy  shales  especially 
desirable  for  the  manufacture  of  vitrified  brick  and  sewer 
pipe,  and  excellent  for  many  other  purpoes,  must  be  obtained 
largely  from  the  Des  Moines  beds.  As  has  already  been 
seen  this  formation  is  very  generally  made  up  of  shales  of 
great  variety.  It  is  now  beinsf  used  at  a  number  of  points, 
but  its  capabilities  are  by  no  means  exhausted.  Pottery, 
fancy  face  brick,  and  numerous  other  grades  of  goods  may 
easily  be  made  from  it.  The  happy  combination  in  the  same 
formation  of  clay  of  wide  variety  and  coal  for  fuel  affords 
opportunities  that  must,  in  the  future,  commend  themselves 
more  generally  than  has  yet  been  the  case,  to  men  of  means 
and  far-sighted  business  capacity. 

The  Cretaceous  yields  comparatively  little  clay,  since  are- 
naceous material  predominates  in  the  formation.  Near  the 
Anderson  mine  is  a  deposit  which  has  been  tested  and  found 
to  yield  a  good  grade  of  fire  brick.  West  of  Guthrie  Center, 
near  the  fair  grounds,  are   beds   worthy  of    a   test.     The 
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Missourian  formation  as  represented  in  the  county  is  a  lime- 
stone and  hence  has  no  value  in  this  connection. 

The  loess  is  abundant  and  easilj^  manipulated.  Its  distri- 
bution may  be  seen  on  the  map  of  the  surface  deposits.  Its 
character  has  already  been  described.  The  following  anal- 
yses,  made  by  Prof.  G.  E,  Patrick,  shows  its  composition: 

PERCENT 

Hygroscopic  water 2  78 

Combined  water 3  55 

Silica  Si  O^ 68  62 

Alumina  Al,  Og 14.98 

Iron  oxides  calculated  as  Fe  O 4.16 

Manganese  oxide  calculated  as  Mn  0 64 

LimeCaO. 1.48 

Magnesia  Mg  0 109 

SodaN^,0     1.86 

Potash  Kj  0 1.50 

Total 100.66 

Error 66 

The  sample  was  taken  from  the  pit  of  Mr.  W.  E.  Berry  at 
Guthrie  Center  and  is  apparently  fairly  representative  for 
the  region.  The  material  will  be  seen  to  be  less  siliceous 
than  is  usual  for  loess  and  higher  in  alumina.  It  is  adapted 
to  the  dry-press,  but  could  aparently  be  also  worked  as  a  stiff 
mud.  It  should  make  an  excellent  face  brick  of  good  strength 
and  color. 

The  alluvium,  so  commonly  present  along  the  streams  out- 
side the  Wisconsin  drift  area,  is,  as  usual,  well  suited  for  the 
manufacture  of  common  stock  brick  by  the  hand  process.  It 
is  easily  and  inexpensively  worked  and  affords  a  cheap  brick 
of  good  quality. 

A  considerable  growth  in  the  brick  industry  may  reasonably 
be  expected  as  the  wealth  of  the  region  increases.  This 
growth  will  probably  result  from  the  better  treatment  of  the 
loess  and  the  wider  use  of  the  shale  both  alone  and  in  mix- 
tures. In  the  northeastern  portion  of  the  county  the  loess 
is  covered  by  the  drift,  which  is  not  itself  adapted  to  manu- 
facture into  brick,  and  in  this  region  the  main  dependence 
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must  be  the  coal  measure  shales  and  clays  removed  in  mining 
works,  together  with  occasional  patches  of  surface  soil  accu- 
mulated in  sloughs. 

The  treatment  given  the  clays  in  the  county  is  usually 
slight.  The  hand  process  or  simple  machinery  alone  is  used, 
though  the  Berry  plant  at  Guthrie  Center  is  well  equipped, 
and  the  Panora  Brick  &  Tile  works  are  contemplating  exten- 
sive improvements.  The  details  of  processes  and  machines 
are  given  in  the  description  of  the  individual  plants. 

The  W.  E.  Berry  brick  works  is  located  at  Guthrie  Center, 
near  the  Rock  Island  track,  southeast  of  the  depot.  It  was 
started  as  a  hand  yard  eight  or  ten  years  ago.  At  the  end  of 
two  years  the  "Eureka,"  a  stiff  mud  machine,  was  put  in, 
and  brick  were  made  by  this  process  until  1893,  when  a  Boyd 
dry-press  was  introduced.  The  material  now  used  is  loess 
obtained  from  a  low  slope,  immediately  adjacent  to  the  plant. 
The  top  eighteen  inches  of  soil  is  removed,  the  under  mate- 
rial is  plowed,  and  when  dried  is  hauled  to  sheds.  The  per- 
pendicular face  of  the  clay  is  nineteen  feet.  Underneath  the 
loess  the  Cretaceous  sand  bed  lies  exposed,  the  glacial  depos- 
its usually  found  between  the  Cretaceous  and  loess  apparently 
being  absent.  The  product  from  the  first  kilns  was  not  prom- 
ising, but  by  the  close  of  the  season,  as  less  sandy  loess  was 
used,  and  the  necessary  treatment  both  in  the  machine  and  in 
the  kiln  became  understood,  the  quality  of  the  finished  brick 
was  improved.  In  burning  the  brick  a  down-draft  kiln  and 
one  ordinary  clamp  kiln  are  used,  most  of  the  brick  being 
burned  in  the  down-draft.  The  brick  are  carried  direct  from 
the  press  to  the  kiln. 

The  Stuart  Brick  &  Tile  Works  is  about  three-fourths  of  a 
mile  north  of  the  depot  at  Stuart.  The  raw  material  consists 
of  ten  feet  of  ordinary  loess  grading  into  soil  at  the  surface. 
The  base  of  the  cut  rests  on  coarse  drift  gravel,  which  is 
about  three  feet  thick,  and  this  rests  in  turn  upon  glacial 
clays.  The  product,  structural  brick,  sidewalk  blocks  and 
draintile,  are  made  on  the  Decatur  machine  and  burned  in 
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either  a  closed  down-draft  or  a  semi-clamp  kiln.  The  ware  has 
a  dull  red  color,  and  is  very  firm.  Farther  up  on  the  hillside 
near  by,  a  test  pit  was  put  down,  and  underneath  the  yellow 
clay,  a  gray  plastic  loess,  four  feet  thick,  was  penetrated. 
This  lower  bed  has  not  been  used,  as  it  was  found  to  contain 
much  lime.  The  clay  now  used  is  worked  as  a  stiff  mud  with 
a  good  deal  of  water.  The  ware  is  dried  under  sheds  with 
very  little  cracking. 

The  Panora  Brick  &  Tile  Works  includes  quite  a  large  plant 
just  southeast  of  the  city  limits,  along  Middle  Raccoon  river. 
It  has  been  in  operation  for  a  number  of  years,  starting  with 
a  Eureka  stiff  mud  machine.  Later  a  Hoosier  mill  was  sub- 
stituted, and  this  in  turn  has  given  place  to  a  Frey-Sheckler. 
A  section  of  the  pit  has  already  been  given.  For  ordinary 
work  all  the  shale,  with  the  exception  of  the  bituminous  por- 
tion, is  mixed  together,  and  occasionally  a  little  surface  clay 
is  added.  For  fine  red  brick  the  upper  shale  alone  is  used. 
The  clay  is  ground  in  a  dry-pan  made  by  the  Des  Moines  Man- 
ufacturing Co.,  and  then  pugged  on  a  mill  made  by  the  same 
company.  The  brick  are  loaded  upon  iron  trucks,  and  either 
run  under  dry  sheds  of  70,000  capacity,  or  through  a  tunnel 
drier  holding  25,000.  Under  the  dry  sheds  about  three  days 
time  is  required,  while  the  tunnel  drier  does  its  work  in 
twenty-four  to  thirty  hours.  Four  down-draft  kilns  with  a 
capacity  of  200,000  are  used  in  burning;  five  days,  with  full 
blast  for  thirty-six  to  forty-eight  hours  being  required. 

Directly  west  of  Panora  on  the  Guthrie  Center  road  (Tp.  79 
N.,  R.  XXX  W.,  Sec.  6)  is  the  Horton  brick  yard,  where  the 
loess,  fourteen  feet  thick,  is  used  in  making  hand  brick,  which 
are  burned  in  cased  kilns. 

Mr.  W.  B.  Simon  &  Son,  the  owners  of  the  Greenbriar  mine, 
operate  a  brick  plant  near  the  latter.  They  make  both  brick 
and  tile,  using  three  kinds  of  clay.  The  fire  clay  from  below 
the  coal  is  mixed  with  the  black  shale  above  it,  and  the  sur- 
face soil  taken  to  a  depth  of  three  feet  from  a  hillside.  The 
material  is  worked  as  a  stiff  mud,  dried  under  sheds,  and 
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burned  in  one  round  down-draft  kiln.     The  brick  are  hard  and 
of  good  color. 

Building  Stones. 

Material  suitable  for  building  purposes  may  be  obtained 
from  all  the  formations  in  the  county.  From  the  Pleistocene 
may  be  taken  bowlders  of  granite  and  similar  rock;  from  the 
Dakota  and  Des  Moines  sandstones,  and  from  the  Des  Moines 
and  Missourian  limestones  may  be  obtained.  With  the  excep- 
tion of  the  limestones  of  the  Missourian,  none  of  these 
sources  are  likely  to  become  important.  The  bowlders  are 
scattered  and  the  cost  of  collecting  and  dressing  them  is  more 
than  that  of  shipping  in  more  easily  obtained  stone.  In  cer- 
tain other  counties  in  the  state  the  drift  bowlders  have  been 
more  or  less  used  for  special  work.  In  this  region  ,they  are 
often  called  into  requisition  for  foundations  and  well  and  cel- 
lar walls,  particularly  in  the  northeastern  portion  of  the 
county  where  nothing  else  is  obtainable. 

The  sandstones  both  of  the  Dakota  and  the  Des  Moines  are 
soft  and  of  but  limited  value.  They  afford,  however,  a  sufficient 
supply  of  stone  for  local  rough  use.  The  gray  sandstone  at 
Panora  has  been  quarried  a  little,  but  is  not  used  for  fine 
work. 

The  limestones  of  the  Des  Moines  are  thin  and  of  limited 
distribution.  They  will  not  afford  a  supply  of  much  impor- 
tance. The  Missourian  formation  is  represented  in  the  county 
by  the  Fragmental  and  Earlham  limestones  of  the  Bethany 
with  a  few  beds  of  the  Winterset.  The  Bethany  is  exten- 
sively quarried  in  Madison,  Clarke  and  Decatur  counties.  It 
has  been  opened  up  at  a  few  points  along  Raccoon  river  and 
Deer  creek.  The  openings  are  not  extensive  enough  to  give 
much  of  an  idea  of  the  stone,  but  apparently  it  is  of  the  same 
character  as  that  at  Earlham  and  Winterset.  A  total  thick- 
ness of  nearly  sixty  feet  is  known  to  occur,  and  a  good  portion 
of  this  is  suitable  for  building  stone. 
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Sand. 

Sand  suitable  for  building  purposes  may  be  obtained  from 
the  bottom  lands  along  many  of  the  streams  and  from  the 
Dakota.  The  latter  is  an  important  source  of  such  material. 
The  section  of  the  pit  of  Mr.  Samuel  McLune,  in  the  north- 
western portion  of  Guthrie  Center,  has  already  been  given. 
The  lower  sand  here  is  clean,  white  in  color,  and  easily 
worked.  About  150  yards  of  building  sand  have  been  taken 
from  the  pit.  Sand  is  found  in  the  Dakota  at  a  number  of 
other  points  but  has  not  been  extensively  opened  up. 

The  di'ift  sand  found  near  Stuart  was  formerly  used  in  the 
manufacture  of  hand  brick.  Since  the  introduction  of 
machinery  and  the  employment  of  the  loess  the  sand  is  not 
needed.  It  is  clean  and  of  even  grain  but  is  too  well  rounded 
to  be  of  the  highest  utility  as  a  building  sand. 

Gravel. 
There  are  two  sources  of  gravel  in  the  count3\     The  first  i^ 

■ 

is  the  gravel  terrace  along  the  Middle  Raccoon  and  the  second  «, 

is  tlio  gravel  or  conglomerate  bed  of  the  Dakota.  The  ter- 
race gravel  has  not  been  used  within  the  county  except  for 
local  work.     At  Coon  Rapids,  just  outside  the  county,  on  one  ^ 

hand,  the  Chicago,  Milwaukee  &  St.  Paul  railway  has  opened  •— 

up  extensive  pits.  In  Dallas  county,  on  the  other,  both  the 
Chicago,  Rock  Island  &  Pacific  railway  and  the  Des  Moines 
Northern  &  Western  railwaj^  have  opened  up  pits.  The  gravel 
from  this  horizon  is  hard,  uncemented  and  easilv  worked,  but 
is  usually  quite  sanily. 

The  gravel  or  conglomerate  of  the  Dakota  is  widely  spread 
throughout  the  western  three-fourths  of  the  countj".  It  is 
f reipiently  so  completelj'  cemented  as  to  be  unavailable,  but 
at  other  points  is  loose  and  easily  worked.  The  Chicago,  Rock 
Island  &  Pacific  niilway  has  opened  up  pits  between  Menlo 
and  (Uendon  along  the  Guthrie  Center  branch.  The  gravel 
is  very  hani,  btnng  formed  of  the  most  dutiable  material.  It 
has  sand  beds  intei'stratified  with  it,  but  is  usuallv  rather  free 
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from  sand  within  the  gravel.     It  is  an  excellent  material  for 

railway  ballast. 

Natural  Gas. 

One  of  the  most  interesting  features  in  connection  with  the 
drift  is  the  occurrence  of  natural  gas.  At  Herndon  gas  has 
been  found  in  a  number  of  wells,  and  while  only  two  wells  are 
now  burning,  a  considerable  area  has  been  shown  to  be  under- 
lain by  it.  This  was  at  one  time  the  cause  of  a  considerable 
boom  in  real  estate,  but  it  has  recently  received  very  little 
attention ;  less  in  fact  than  it  deserves.  According  to  Mr.  J.  E. 
Stout*  the  gas  was  first  discovered  in  October,  1886,  in  a  well 
put  down  for  Mr.  F.  Gardner.  The  well  was  being  bored  for 
water,  and  at  120  feet  gas  was  encountered.  This  well  was  shut 
oflf  without  being  used,  as  was  also  the  first  one  put  down  for 
Mr.  H.  C.  Booth,  in  November  of  the  same  year.  A  second 
well  put  down  for  the  latter  gentleman  furnished  gas  for  heat- 
ing and  cooking  for  a  year  or  more.  A  number  of  other  wells 
were  put  down,  all  going  to  a  depth  of  from  120  to  140  feet. 
In  most  of  these  gas  was  encountered  and  from  many  of  them 
it  was  used.  In  no  case  did  the  wells  penetrate  anything 
other  than  the  drift  and  in  all  cases  a  fine  sand  or  mud  with 
the  gas  gave  trouble.  This  mud  was  never  successfully  cased 
oflf  and  would  flow  into  the  pipe  until  the  gas  below  accumu- 
lated suflBcient  force  to  throw  out  the  mud.  This  of  course 
made  an  explosion  and  usually  resulted  in  the  gas  pipes  being 
taken  out.  The  mud  choked  up  the  well  within  a  few 
months  in  most  instances,  when  it  was  necessary  to  put  down 
another  well  in  order  to  obtain  a  new  supply.  At  present 
but  two  wells  are  burning,  one  near  the  railway  station,  and 
the  other  on  the  Leber  farm  a  mile  and  a  half  west  of  town. 
Neither  is  in  use.  In  one  well  on  the  Pierce  farm  near  Yale, 
gas  was  encountered  in  1887  above  the  artesian  water,  but 
was  never  used. 

The  pressure  of  the  gas  seems  never  to  have  been  measured. 
According  to  Dr.  Jones,  now  of  Herndon,  in  one  case  a  two-inch 

*Bept.  Stat.  Mine.  Inspector,  1887, 163-170. 
38  O.  Rep. 
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pipe  furnished  gas  for  a  flame  twenty  to  twenty-five  feet  high 
and  about  eight  feet  across.  At  Dawson,  a  few  miles  east  of 
Hemdon,  similar  wells  had  a  pressure  of  twenty-four  to 
twenty-five  pounds.*  At  Letts,  in  Louisa  county,  gas  wells 
of  the  same  type  are  said  to  have  had  a  pressure  of  five  to 
twelve  pounds.  +  The  Leber  well  now  has  a  pressure  which, 
judging  from  the  size  of  the  flame,  must  be  considerably  more 
than  the  pressure  in  ordinary  city  pipes.  Xo  analyses  of  the 
gas  has  been  made.  Call,i  who  visited  these  wells  soon  after 
the  gas  was  first  struck,  referred  the  origin  of  the  gas  to  the 
decomposition  of  the  vegetal  matter  of  the  forest  bed. 
McGeeS  has  concurred  in  this  view.  Most  of  the  wells  are 
not  driven  deep  enough  to  encounter  the  forest  bed,  though 
it  is  known  to  be  present  and  has  been  encountered  in  deeper 
wells.  The  origin  assigned  by  Call  is  doubtless  the  correct 
one.  It  accords  well  with  the  facts  observed  in  other  regions, 
as  at  Letts,  Iowa;  Bloomington,  Kankakee  and  other  points 
in  Illinois  and  other  states^.  In  all  these  cases  it  will  be 
observed  that  the  gas  is  encountered  near  the  edge  of  an 
overlying  drift  sheet.  It  is  but  a  short  distance  southwest 
of  Hemdon  to  the  edge  of  the  Wisconsin  drift.  Letts  is  near 
the  border  of  the  Illinois  drift  and  Kankakee  is  near  a  well 
developed  moraine  which  seems  to  mark  the  border  of  the 
late  Wisconsin.  The  forest  beds  when  developed  between 
drifts  are  more  apt  to  be  well  preserved  where  they  have  been 
passed  over  by  only  a  small  portion  of  the  succeeding  ice. 
They  are,  in  places,  preserved  far  back  from  the  edge  of  the 
overlying  drift,  but  the  chance  of  preservation  decreases 
with  the  distance  from  that  edge.  These  facts  give  a  new 
economic  significance  to  the  tracing  of  the  limits  of  the  drift 
sheets. 

•Leonard :    Proc.  lova  Acad.  BcL,  toL  IV,  p.  O.    im:. 
-^Witter:    Pioc.  lova  Acad.  Sd..  vol.  f,  pt«  lit,  pp.  65-7tk. 
SMoo.  ReT.  Iowa  Weaiher  SeiT..  Not.,  Ifltt.  pp.  C-7. 
IKleYenth  Aan.  Repu.  C.  &  Gcol.  Sarr.,  p.  £1S. 
IWlU«r,Loc.clt. 
^■cG««:    Op.  cit..  p.  SiP. 
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The  area  in  the  county  in  which  gas  wells  may  be  found  is 
not  large.  It  is  confined  to  the  area  of  the  Wisconsin  drift. 
The  numerous  wells  put  down  for  water  throughout  the 
region  show  very  clearly  that  the  gas  territory  is  only  a  small 
portion  of  the  Wisconsin  area.  It  is  of  course  highly  proba- 
ble that  gas  will  be  encountered  at  points  not  now  known, 
but  the  presence  of  many  artesian  wells  showing  either  no 
gas  or  only  small  amounts  narrows  the  area  of  probabilities. 

It  seems  probable  that  the  gas  may  have  more  of  an  eco- 
nomic importance  than  has  been  heretofore  allowed  to  it.  It 
is  of  good  quality,  sufficient  pressure  and  cheaply  obtained. 
While  the  quantity  is  not  great,  certainly  not  sufficient  to 
warrant  an  attempt  at  piping  it  to  other  cities,  there  is  no 
reason  to  believe  the  supply  inadequate  for  local  demand. 
Such  gas  is  in  use  at  other  points  both  in  this  and  neighboring 
states,  and  at  certain  points  wells  have  been  used  for  six  or 
seven  years  with  no  apparent  diminution  of  pressure.  In 
the  Herndon  wells  the  trouble  arose  from  the  water  and  sand 
which  filled  the  pipes.  It  certainly  seems  that  adequate 
study  would  result  in  some  device  for  clearing  the  gas  and 
thus  making  available  a  highly  valuable  local  fuel. 

Water  Supplies. 

Guthrie  county  is  well  supplied  with  water.  The  numerous 
streams  of  the  central  and  southwestern  portion  of  the  county 
and  the  miniature  lakes  of  the  northeastern  portion  afford  an 
abundant  supply  of  surface  water.  The  drift  deposits  which 
cover  the  area  contain  numerous  water  horizons  so  that  there 
is  rarely  any  trouble  in  getting  a  good  well.  The  base  of  the 
drift  is  usually  a  reliable  horizon.  At  Stuart  an  excellent 
supply  of  water  is  obtained  from  a  white  sand  lying  below 
ninety  feet  of  drift,  the  water  being,  however,  charged  with 
magnesia,  which  is  deposited  in  the  tanks  and  pumps.  The 
water  has  been  used  for  some  years  as  a  boiler  water  by  the 
railway  company,  and  has  recently  been  adopted  as  a  supply 
for  the  city  water  works. 


484  GEOLOGY  OF  GUTHRIE  COUNTY. 

The  gravels,  sands  and  loose  sandstones  of  the  Dakota  may 
usually  be  relied  upon  to  furnish  water.  At  Guthrie  Center 
the  city  water  works  draw  their  supply  from  a  well  in  this 
formation.  The  limestone  of  the  Missourian  are  not  so  reli- 
able, and  the  Des  Moines  beds  are  apt  to  furnish  mineralized 
water. 

In  the  northeastern  portion  of  the  county  near  Bagley, 
Herndon  and  Yale  there  are  numerous  artesian  wells,  all 
obtaining  their  supplies  from  the  drift.  They  are,  in  the  main, 
of  slight  depth,  but  vary  in  that  particular.  The  old  Yale 
well  is  twenty-three  feet,  the  Bartlett  well  is  140.  At  Bagley 
there  are  six  wells  inside  the  town  all  less  than  siicty  feet 
deep.  In  some  places  the  water  is  so  close  to  the  surface  that 
it  forms  springs.  The  water  has  usually  a  fair  but  not  high 
pressure.  The  Yale  well  fills  a  half -inch  pipe  with  a  strong 
stream.  It  is  nine  years  old,  and  formerly  filled  a  three- 
fourths  inch  pipe.  The  Eastwood  well  runs  a  two-inch  stream, 
and  will  rise  to  twenty  feet.  Most  of  the  wells  rise  only  three 
to  four  feet  above  the  surface.  One  of  the  wells  near  Bagley 
would  throw  an  inch  and  a  half  stream  twenty  feet  high. 
The  stream  is  now  reduced,  and  the  water  carried  up  to  the 
house  near  by. 

The  source  of  the  water  is  evidently  local.  The  topography 
of  the  country  is  that  of  swells  and  basins,  with  a  relief  of 
twenty  to  thirty-five  feet.  The  wells  are  located  on  the  lower 
lands,  and  in  no  case  do  they  throw  water  higher  than  the 
highest  land  of  the  immediate  vicinity.  Certain  of  the  wells 
interfere  with  each  other,  but  in  general  they  do  not  seem  to 
do  so.  During  the  recent  dry  years  it  was  noted  that  some  of 
the  wells  showed  a  slightly  diminished  flow. 

There  seems  to  be  no  single  water  horizon.  It  has  not  been 
found  possible  to  relate  the  flow  to  any  definite  bed  in  the 
drift.  The  latter  is  here  as  usual  quite  heterogeneous.  The 
beds  of  bowlder  clay  contain  sandy  and  gravelly  portions  well 
calculated  to  catch  and  transmit  water.  These  are  present 
in  the  drift  of  the  entire  county,  and  for  that  matter  are  usual 
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throughout  the  state.  They  form  the  source  of  a  large 
majority  of  the  shallow  wells  of  the  state.  The  water  here, 
as  elsewhere,  seems  to  be  derived  from  local  precipitation. 
The  average  annual  precipitation  for  Guthrie  county  is  prob- 
ably about  forty  inches.  Unfortunately  there  are  no  com- 
plete figures  for  the  county,  and  the  matter  must  be  judged 
by  measurements  made  in  the  surrounding  region.  At  Atlan- 
tic the  amount  is  41.47,  at  Audubon,  43.75,  and  at  Carroll, 
41.83.* 

A  precipitation  of  forty  inches  would  amount  to  a  daily 
average  of  1,600,000  gallons  per  square  mile. 

When  water  falls  on  the  ground  a  portion  is  evaporated,  a 
portion  is  absorbed  by  the  ground,  and  a  portion  is  carried 
away  by  streams.  The  amount  which  runs  off  through  the 
streams  is  quite  variable.  It  depends  upon  the  slope,  char- 
acter of  the  rocks,  distribution  of  the  rainfall  and  other  lesser 
factors.  The  best  estimate  for  the  streams  of  this  region  are 
those  of  Greenleaf,t  who  gives  the  run  off  of  the  Des  Moines 
river  as  20  per  cent,  and  of  the  Skunk  as  24  per  cent.  Of  the 
total  precipitation,  then,  at  least  320,000  gallons  per  square 
mile  is  daily  carried  away  by  the  ordinary  streams  of  central 
Iowa.  Any  region  of  incomplete  drainage  has  a  surplus  of 
water  proportional  to  the  imperfection  of  the  drainage.  This 
surplus  must  either  stand  on  the  surface  till  evaporated  or 
soak  down  into  the  soil.  Evaporation  is  more  rapid  in  an 
undrained  than  a  well  drained  area,  other  conditions  remaining 
the  same,  but  the  ratio  of  increased  evaporation  is  problemat- 
ical. There  is  also  large  seepage,  and  the  ground  becomes  more 
heavily  charged  with  water.  Such  are  the  conditions  which 
prevail  in  that  portion  of  Guthrie  county  under  discussion. 
As  has  been  previously  noted,  the  region  covered  by  the  Wis- 
consin drift  is  marked  by  few  streams,  and  many  ponds  and 
shallow  lakes.  Very  little  of  the  water  is  carried  off  by  sur- 
face streams,  and  the  ground  is  at  all  times  quite  saturated. 
Upon  each  undrained  acre  there  is  an  average  annual  surplus 

•Ann.  Rept.  Iowa  State  Weather  Sery.,  18Q6. 
rrenth  Census  U.  8.  vol.  XVII,  pt.  11,  p.  20. . 
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of  1,825,000  gallons.  Under  such  conditions  the  water  will  pen- 
etrate  every  stratum  which  is  permeable,  and  will  take  advan- 
tage of  every  favorable  condition  for  flow.  With  a  local  relief 
of  thirty  to  occasionally  forty  feet,  and  strata  containing  many 
irregularly  distributed  beds  of  open  texture  alternating  with 
stiflF  clays,  there  must  be  many  points  at  which  flowing  arte- 
sian wells  may  be  found.  The  number  of  the  wells,  the  slight 
depth,  the  moderate  flow,  the  occasional  interference,  the 
variation,  though  slight,  with  the  rainfall  and  the  structure 
of  the  region,  all  unite  to  show  that  this  is  the  true  explana- 
tion  of  the  phenomena.  In  some  cases  the  water  probably 
goes  to  the  base  of  the  drift,  and  is  carried  by  the  gravel  usu- 
ally found  along  that  horizon;  in  other  cases  the  water  is 
probably  carried  by  the  loess  between  the  two  drifts.  In  many 
cases  it  is  carried  by  local  sandy  and  gravelly  beds  in  the 

drift  itself. 

Soils. 

The  soils  of  (xuthrie  county  are  its  great  source  of  wealth. 
They  include  all  the  main  types  which  occur  in  drift  covered 
regions.  In  the  northeast  is  the  drift  soil  itself,  along  the 
rivers  are  the  rich  alluvial  bottom  lands,  and  over  the  divides 
of  the  central  and  southwestern  portion  of  the  county  is  a  top 
dressing  of  loess  on  the  loose  and  weathered  Kansan  drift. 
The  areas  covered  by  each  of  these  soil  types  are  indicated 
upon  the  map  of  the  surface  deposits.  The  characteristics  of 
the  different  beds  have  been  suggested  in  the  discussion  of 
the  Pleistocene.  As  soils  their  variations  are  mainly  due  to 
diflferences  in  texture  and  structure.  The  composition  of  each 
of  the  two  drift  sheets  as  a  whole  is  probably  not  greatly  dif- 
ferent. The  loess  and  the  alluvium  represent  the  finer  por- 
tion of  the  drift  gathered  together.  The  composition  is  much 
the  same  but  the  texture  is  very  different.  The  drift  is  het- 
erogenous; the  loess  homogeneous,  and  the  alluvium,  some- 
times one  and  sometimes  the  other.  The  fine  texture,  poros- 
ity and  homogeneity  of  the  loess  greatly  influences  its 
behavior  toward  water.    The  latter  is  distributed  more  equally 
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through  it  and  is  furnished  evenly  to  crops.  In  the  drift 
region  the  water  is  irregularly  distributed,  and  this,  with  the 
immature  drainage,  makes  artificial  ditching  and  tile  drainage 
necessary  over  considerable  areas.  So  sharp  are  the  diflfer- 
ences  between  the  two  areas  that  in  Jasper  county,  where  the 
same  relations  obtain,  entirely  diflferent  culture  is  found  on 
opposite  sides  of  the  stream  which  flows  along  the  drift  mar- 
gin. This  extends  even  to  the  character  of  the  plows,  those 
on  one  side  of  the  stream  refusing  to  scour  in  the  soil  on  the 
opposite  side. 

In  this  county,  as  in  other  portions  of  the  state,  it  has  been 
found  that  fruit  does  better  on  the  loess  than  the  drift  soils, 
while,  when  the  latter  is'suitably  drained,  wheat  and  even  com 
usually  give  a  larger  yield  upon  the  drift.  There  are,  of 
course,  exceptions  and  other  factors  must  be  taken  into 
account,  but  that  these  different  formations  have  diflferent  soil 
values  is  abundantly  proven.  The  determination  of  this  value 
and  the  adaptabilities  of  the  diflferent  types  as  well  as  the 
nature  and  causes  of  the  diflferences  is  a  matter  which  will 
require  much  future  study. 
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INTRODUCTION. 

Madison  county  lies  in  the  south  central  part  of  Iowa  in 
the  third  tier  of  counties  north  of  Missouri.  North  of  it  is 
Dallas  county,  while  to  the  east  is  Warren;  to  the  south, 
Clarke  and  Union,  and  to  the  west,  Adair.  In  form  it  is  an 
approximate  square  and  includes  sixteen  congressional  town- 
ships; townships  74-77  north  and  ranges  XXVI-XXIX  west. 
Owing  to  errors  in  the  original  survey  the  area  is  only  566.4 
square  miles  instead  of  the  customary  576. 

Geologically  the  county  is  of  especial  interest  because  of 
the  fact  that  the  Bethany  limestone,  forming  the  base  of  the 
Missourian  formation,  extends  across  it.  An  opportunity  is 
thus  afforded  for  a  study  of  the  relations  between  the  produc- 
tive and  the  non-productive  portions  of  the  coal  measures. 
Winterset,  the  point  at  which  the  Bethany  limestone  was  first 
studied  in  detail  in  Iowa,  is  the  county  seat  and  is  located 
near  the  center  of  the  county  on  the  border  between  the 
Missourian  and  Des  Moines  stages  of  the  Carboniferous. 

In  the  course  of  his  work  in  Iowa  White  spent  some  time 
in  Madison  county  studying  particularly  the  limestone.     His 
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observations  were  published  in  part  in  1868*  and  more  fully 
in  1870.  t  The  position  and  thickness  of  the  limestone  were 
determined,  and  its  most  characteristic  fossils  were  noted. 
It  does  not  seem  that  previous  to  this  the  limestone  itself  had 
ever  been  studied ;  though  the  higher  beds  of  the  Missourian 
as  exposed  along  the  Missouri  river  had  been  referred  by 
Owen  to  the  Sub-carboniferous,  and  by  Geinitz,  Marcou  and 
others,  in  part  to  the  same  formation  and  in  part  to  the  Per- 
mian. More  recently  there  has  been  considerable  discussion 
in  regard  to  the  proper  division  of  the  coal  measures  and  the 
correlation  of  the  limestone  found  at  Winterset  with  the 
Bethany  limestone  of  Missouri  and  the  Erie  limestone  of 
Kansas.  For  these  reasons  it  has  seemed  desirable  to  make 
a  detailed  study  of  the  outcrops  which  were  taken  by  White  as 
the  type  for  the  formation.  It  was  hoped  that  data  might  be 
collected  which  would  be  of  service  in  these  broader  correla- 
tions. 

The  work  was  begun  some  years  since  and  in  a  preliminary 
paperit  a  section  was  given  connecting  the  Winterset  lime- 
stone with  the  Ford  sandstone,  the  relations  of  which  to  the 
underlying  strata  had  been  determined  by  Keyes.§  In  the 
report  upon  the  coal  deposits  of  the  state  II  a  few  notes  were 
also  given  on  the  coal  beds  of  the  county. 

In  the  present  work  the  authors  have  had  the  assistance 
both  in  the  field  and  the  office  of  Professor  Calvin,  and  to 
him  is  due  particularly  the  determination  of  the  fossils. 
Notes  on  the  building  stones  of  the  county  collected  in  1894 
by  Mr.  Arthur  C.  Spencer  have  been  freely  used.  While 
indebted  to  many  people  within  the  county  for  numerous  acts 
of  kindness,  we  are  especially  indebted  to  Mr.  Paul  Price,  of 
Winterset,  for  assistance  in  collecting  fossils.  Acknowledg- 
ments are  also  especially  due  to  Mr.  J.  A.  Wilkins,  of  the 

*Fir8t  and  Second  A.nnaal  Reports  of  State  Geologist,  pp.  70-78.    Des  Moines,  1868. 

tOeol.  Iowa,  vol.  1. 241-900, 806-318.    Des  Moines,  1870. 

^Tilton:  Geoloffical  Section  along  Middle  Birer  in  Central  Iowa.  Iowa  Oeol.  Bury.,  toI. 
Ill,  pp.  181-140.    l»f 

IBnl.  Geol.  8oc.,  A.m.,  vol.  Ill,  pp.  877-208.  1801.  Also,  Iowa  Oeol.  Burr.,  toI.  I,  pp.  04, 107; 
TOl.  II. 

Ilowa  Geol.  Boty.,  rol.  II,  pp.  804-306.    IFOl 
40  G.  Bep. 
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same  city,  for  the  excellent  blue  print  from  which  the  accom- 
panying map  was  drawn.  The  work  as  originally  planned 
was  not  to  be  completed  until  the  fall  of  1897  but  it  became 
necessary  to  finish  it  much  sooner,  and  in  the  absence  of  the 
senior  author  the  work  was  completed  by  his  associate.  To 
this  change  in  plan  may  be  charged  any  minor  omissions  or 
lack  of  detail  which  may  be  noted. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

Madison  county  lies  on  the  eastern  flank  of  the  great  divide 
between  the  Mississippi  and  the  Missouri.  The  divide  itself 
runs  through  Adair,  the  next  county  to  the  west.  The  area 
under  discussion  forms  a  portion  of  a  much  dissected  upland 
plain,  sloping  to  the  northeast  about  ten  feet  per  mile.  In 
the  southeast  the  high  divides  between  the  rivers  rise  from 
950  to  975  A.  T.  Earlham,  Winterset  and  Truro,  all  located 
on  the  upland  and  approximately  in  line,  are  1,116,  1,127  and 
1,078  A.  T.  respectively.  Still  further  west,  Stuart  and  Lori- 
mer,  in  a  line  parallel  to  that  passing  through  Earlham  and 
Winterset,  are  respectively  1,216 and  1,230  above  tide.  Beyond 
this  the  surface  maintains  its  slope  to  biBtween  1,400  and  1,500 
feet  at  Adair.  This  general  plane,  which  the  divides  touch,  is 
very  much  cut  by  erosion.  At  Bevington,  Middle  river  has  cut 
down  to  833  A.  T.  At  Lida,  near  the  east  county  line.  North 
river  has  reached  840  A.  T.  At  Afton  Junction,  a  short  dis- 
tance south  of  Madison  county.  Grand  river  has  cut  210  feet 
below  the  upland,  or  to  about  1,040  A.  T.  These  three  rivers 
drain  the  greater  portion  of  the  county,  and  the  depth  to 
which  they  have  cut  has  made  it  possible  for  their  many  trib- 
utaries and  minor  feeders  to  cut  to  corresponding  levels. 

The  land  forms  seen  within  the  county  are  exclusively  ero- 
sion forms.  The  later  ice  sheets  did  not  extend  into  this  area, 
and  the  length  of  time  since  the  Kansan  drift  was  deposited 
has  been  so  great  as  to  allow  the  streams  entirely  to  destroy 
any  peculiar  drift  topography  which  the  county  may  once  have 
had. 
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While  the  topographic  forms  have  all  been  developed  by 
erosion  acting  on  a  probably  even  plane,  the  differences  in  the 
character  of  the  underlying  rocks  have  been  so  great  as  to 
produce  two  distinct  topographic  areas.  These  correspond 
quite  closely  to  the  areas  shown  on  the  accompanying  geologic 
map  as  underlain  respectively  by  the  Missourian  and  Des 
Moines  formations.  The  former  terrain,  so  far  as  thiseounty 
is  concerned,  is  made  up  principally  of  limestone.  As  will  be 
seen  later  there  are  important  shale  beds  present,  but  it  is 
the  limestone  which  controls  the  topography  and  gives  it  its 
distinctive  character.  The  Des  Moines  terrain  is  as  usual 
made  up  mainly  of  argillaceous  and  arenaceous  shales,  soft 
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sandstones,  thin  coal  seams  and  easily  eroded  beds.  There 
are  only  a  few  limestones,  and  those  present  are  so  thin  as  not 
to  affect  tbe  topography  to  any  marked  extent. 

As  will  be  seen  bj'  the  map,  North  river  and  Middle  river 
have  cut  through  the  Missourian  and  exposed  the  Des  Moines 
moi  e  than  half  way  across  the  county.  The  minor  streams, 
Bulger,  Cedar  and  Jones  creeks,  produced  results  of  like  char- 
acter, but  of  less  extent.  The  valley  oE  Clanton  creek  is 
essentially  like  the  others  in  origin  and  character.     These 
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valleys  in  the  limestone  country  are  as  much  as  200  feet  deep 
and  in  places  a  mile  and  a  half  to  nearly  two  miles  wide.  They 
have  been  cut  by  headwater  erosion,  and  mainly  by  undermin- 
ing of  the  various  limestone  ledges.  If  one  travels  toward  the 
source  of  one  of  these  streams,  or  some  one  of  its  tributaries, 
he  will  pass  along  a  flat  bottomed,  canyon-like  valley,  until 
the  point  where  the  river  crosses  the  limestone  is  reached. 
The  different  ledges  of  the  latter  are  crossed  by  the  stream  in 
a  series  of  abrupt  falls  or  rapids.  Above  the  latter  the  river 
becomes  a  mere  prairie  stream,  with  a  shallow  valley  having 
gently  sloping  sides.  In  the  case  of  the  major  streams  the 
falls  have  been  almost  entirely  cut  away  so  that  the  crossing 
of  the  limestone  is  marked  only  by  shallow  rapids.  The 
shortness  of  the  lateral  tributaries  below  the  prairie  portion 
and  before  the  streams  reach  the  region  where  they  are  unin- 
fluenced by  the  limestone  is  worthy  of  notice.  Some  of  the 
small  streams  running  south  from  Winterset  to  Middle  river 
make  the  whole  descent  of  nearly  200  feet  in  a  mile  or  less. 

The  divides  between  the  major  streamways  are  character- 
istically flat  topped.  Over  much  of  this  central  and  western 
portion  of  the  county  the  drift  is  usually  thin,  and  the  streams 
over  the  upland  portion  have  developed  only  the  faintest 
relief.  The  limestone  has  sharply  limited  the  amount  of  ero- 
sion that  could  take  place  over  the  upland,  and  while  the  time 
has  been  long — so  long  indeed  that  the  whole  country  has 
been  invaded  and  reduced  to  slope  by  feeble  streams  of  slight 
grade — the  relief  is  so  little  that  the  predominant  eflfect  is  one 
of  flatness.  As  one  looks  oflE  over  the  country  he  sees  only  a 
broad  even  plain,  and  the  semblance  of  a  plain  is  preserved  up 
almost  to  the  brink  of  the  wide,  trough-shaped  valleys  which 
tell  of  the  immense  time  through  which  the  rivers  have  been 
at  work. 

In  the  eastern  portion  of  the  count}"  but  little  of  the  old 
plain  is  left.  The  impression  which  a  glance  at  the  topogra- 
phy gives  is  rather  one  of  hills  and  valleys.  The  main 
streams  have  a  network  of  tributaries  which  reach  out  and 
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cut  into  almost  every  foot  oE  intervening  territory.  The  relief 
■  is  usually  120  to  160  feet,  so  that  large  areas  of  level  land  are 
rare.  The  region  east  of  Clanton  creek  forms  a  table  land  at 
about  1,050  to  1,075  A.  T.,  and  has  been  but  little  invaded  by 
streams.     It  is  held  up  by  the  underlying  limestone. 

Throughout  most  of  the  eastern  region  the  action  of  the 
streams  has  been  unhindered.  The  loess,  drift  and  coal  meas- 
ures have  approximately  the  same  degree  of  hardness,  and 


the  profiles  form  continuous  curves.  These  are  usually  parab- 
oloid in  character  with  the  upper  arm  relatively  long  and  show- 
ing a  gentler  slope.  The  lower  portion  of  the  curve  is  in  most 
cases  merged  into  a  long  gentle  concave  curve,  which  in  turn 
passes  into  the  almost  straight  slope  of  the  river  bottom  land. 
In  some  instances  the  lower  concave  portion  is  absent,  and 
the  parabola  meets  the  flat  surface  of  the  bottom  land  quite 
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abruptly,  as  if  there  had  been  recent  filling  in  of  the  valley  by 
material  not  derived  from  the  sides.  The  vallej^s  are  broad 
and  have  well  developed  flood  plains.  The  streams  are  not 
deepening  their  channels,  and  the  major  erosion  in  the  county 
is  in  the  western  division.  At  places  along  the  valleys  there 
are  the  usual  sloughs,  marking  the  half -filled  cut-oflfs  left  by 
the  meandering  river.  In  general  the  streams  flow  along  the 
southern  sides  of  their  vallej^s,  which  is  accordingly  steep  as 
compared  with  the  long,  gentle  slope  to  the  north. 

tABLE  OF  ELEVATIONS. 

The  following  elevations  of  points  within  the  county  or  near 
its  borders  have  been  taken  in  part  from  Gannett 's  Dictionary 
of  Altitudes,  and  in  part  from  the  profiles  of  the  various  rail- 
way lines. 
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DRAINAGE. 

The  major  portion  of  the  drainage  of  this  county  finds  its 
way  through  the  Des  Moines  to  the  Mississippi  river.  A 
smaller  portion  passes  through  Grand  river  south  to  the  Mis- 
souri and  thence  to  the  Mississippi.  The  larger  streams  of 
the  coimtv  are  North  and  Middle  rivers,  and  Clanton  creek,  a 
tributary  of  Middle  river,  which  joins  the  larger  stream  in 
Warren  county.  North  of  the  North  river  drainage  basin  is  a 
small  area,  including  about  ten  square  miles,  which  sends  its 
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waters  through  Bulger  creek  to  the  Raccoon  river.  South- 
east of  Clanton  creek  and  heyond  the  Truro-St.  Charles 
upland,  is  the  basin  of  South  river,  including  in  this  county 
thirteen  and  five-tenths  square  miles.  The  Grand  river  basin 
lies  in  the  southwestern  portion  of  the  county  and  includes 
twenty -eight  square  miles.  Of  the  remainder  of  the  county 
North  river  and  its  branches  drain  246.5  and  Middle  river  and 
Clanton  creek  268.4  square  miles. 

North  river,  Middle  river  and  Clanton  creek  originate  as 
prairie  streams  above  the  limestone  and  flowing  down  over 


the  latter  passes  over  the  Des  Moines  formation  in  the  broad 
valleys  with  gently  sloping  sides,  already  described.  Bulger, 
Cedar  and  Jones  creeks  are  essentially  similar.  Grand  river 
flows  parallel  to  the  edge  of  the  limestones  and,  throughout 
the  county  and  for  many  miles  after  leaving  its  borders,  flows 
over  the  drift.  With  the  exception  of  Grand  river  the  larger 
streams  and  many  of  the  minor  ones  are  flowing  generally  in 
preglacial  valleys.  The  valley  of  Middle  river  below  the 
"  Backbone  "  (sections  16-15,  Lincoln  township),  North  river. 


500  GEOLOGY  OF  MADISON  COUNTY. 

Cedar  creek,  Steeles  branch,  Jones  creek,  Clayton  creek, 
Hay  branch  and  South  river  all  have  in  their  valleys  undis- 
turbed drift  and  loess  which  determine  their  preglacial  age. 
They  do  not,  however,  always  exactly  follow  the  older  courses. 
Clanton  creek  is  in  a  preglacial  valley  from  Hanley  to  Bar- 
ney, but  it  may  be  doubted  whether  its  upper  portion  occu- 
pies the  main  part  of  the  old  channel.  In  sections  27  and  35 
of  Walnut  township  there  is  a  great  thickness  of  drift  which 
is  suggestive  of  a  filled  in  valley. 

Middle  river  has  had  an  interesting  history.  The  present 
stream  had  its  source  in  the  southwestern  portion  of  Guthrie 
county.  In  its  upper  course  in  Guthrie  and  Adair  counties  it 
runs  over  the  drift.  In  Madison  county  down  to  the  locality 
known  as  the  Devil's  Backbone  it  runs  generally  on  the  drift, 
but  occasionally  cuts  into  the  limestone  in  such  a  manner  as 
to  indicate  a  drift-filled  valley  only  partially  cleared.  From 
section  21  of  Lincoln  township  a  preglacial  valley,  now  filled 
with  Kansan  drift,  extends  in  a  winding  southwesterly  direc- 
tion from  the  mouth  of  Fletcher  branch  across  section  31, 
thence  crossing  westward  through  sections  3  and  10  of  Grand 
River  township,  running  south  of  Macksburg  through  sec- 
tions 1 6,  21  and  28.  *  This  old  valley  is  comparable  in  size  to 
the  present  valley  of  Middle  river  and  seems,  in  fact,  to  have 
been  its  former  extension,  or  at  least  the  valley  of  an  important 
tributary.  In  preglacial  times  Middle  river  accordingly 
drained  an  area  to  the  southwest  which  is  now  served  by 
Grand  river. 

Upland  meanders  as  defined  by  Marbutt  are  excellently 
exhibited  on  Middle  river.  The  best  example  is  the  Devil's 
Backbone  already  mentioned.  The  river  here  makes  a  long 
bend  to  the  northward  and  back  to  within  a  few  hundred  feet 
of  the  starting  point.  Both  above  and  below  this  point  the 
valley  is  marked  as  usual  by  steep  bluifs  on  the  south  and 
longer,  gentler  slopes  at  the  north.  At  the  Backbone  this  is 
reversed.     The    outside    of    the  broad  crescentic  curve   is 

♦Tilton:    Proc.  Iowa  Acad.  Scl.,  vol.  IV,  p.  51.    If 97. 
tMlsEoari  Geol.  Sorv.,  vot.  X,  p.  09.    1806. 
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marked  by  abrupt  rocky  bluflfs.  The  tongue  of  land  around 
which  the  river  runs  slopes  gently  to  the  north.  It  is  com- 
posed entirely  of  rock,  as  is  well  shown  by  the  numerous 
exposures,  so  that  the  appearance  cannot  be  due  to  filling  in. 
In  all  essential  particulars  it  agrees  with  the  meander^ 
described  by  Marbut  and  is  similar  to  the  Keosauqua  bend 
illustrated  by  Gordon.  * 

The  meander  must  have  been  developed  in  situ^  as  has  been 
urged  for  similar  meanders  in  Missouri  by  Winslow.t  It  is 
not  to  be  interpreted  as  due  to  inheritance,  as  proposed  by 
Davis,  t  since  the  two  rocky  sides  have  such  markedly  inequal 
slopes;  slopes  which  in  this  instance  are  the  exact  reverse  of 
the  normal  slopes  throughout  the  region.  A  slight  obstruc- 
tion or  inequality  originally  throwing  the  stream  to  one  side 
set  in  motion  the  chain  of  processes  by  which  the  river  was 
thrown  farther  and  farther  to  the  north  at  the  same  time  that  it 
cut  step  by  step  into  the  limestone.  By  constant  undermining 
the  north  wall  was  kept  steep,  while  by  the  constant  shifting 
of  the  stream  the  south  wall  was  preserved  from  similar 
action.  It  seems  to  have  been  this  action,  continued  for  a  long 
time,  which  produced  the  broad  curve  and  the  Backbone. 
Clanton  creek,  where  it  crosses  the  limestone  between  Bar- 
ney and  Peru,  shows  upland  meanders  quite  as  perfect  as  any 
on  Middle  river. 

The  general  character  of  the  preglacial  surface  of  the 
county  may  be  inferred  from  the  present  topography.  The 
drift  is  throughout  most  of  the  area  relatively  thin.  At  many 
points  it  is  almost  absent.  The  high,  flat-topped  divides  and 
the  broad,  yet  canyon-like  valleys,  were  present  then  as  now. 
The  relief  was  probably  somewhat  greater,  and  in  part  of  the 
county  may  have  been  as  much  as  300  feet.  The  eastern  por- 
tion was  then  marked  by  less  abrupt  slopes,  as  it  is  now,  and 
the  southwestern  portion  seems  to  have  been  cut  to  a  general 
altitude  somewhat  lower  than  that  of  the  eastern  edge  of  the 
limestone. 

♦Iowa  Geol.  Surv.,  vol.  IV,  plate  VII.    1835. 
tScience,  vol.  XXIII,  pp.  31-32.    1803. 
1:Sclence,  vol  XXII,  pp.  276-879.    1893. 
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The  time  when  the  streams  of  the  region  originated  cannot 
be  sharply  fixed.  The  youngest  indurated  rocks  in  the  county 
belong  to  the  Missourian.  The  Cretaceous  may  formerly 
have  covered  a  portion  of  the  area,  though  there  is  no  direct 
evidence  on  the  subject.  Above  the  limestones  of  the  Mis- 
sourian there  are  only  the  residual  clays  and  the  drift 
deposits.  As  has  been  seen  the  region  shows  evidence  of  a 
former  plain  into  which  the  streams  have  cut.  It  seems  prob- 
able, however,  that  this  plain  could  not  have  been  a  base 
level;  at  least,  that  it  was  not  a  base  level  which  had  required 
a  long  time  for  its  development.  There  is  some  slight  evi- 
dence in  the  thinning  of  the  various  limestone  members  of 
the  Missourian  toward  the  northeast  that  the  original  shore 
line  of  the  Missourian  seas  passed  through  the  county  and 
that  the  shore  deposits,  very  little  eroded,  are  still  preserved. 
If  this  be  true,  it  follows  that  the  country  stood  relatively 
low,  or  was,  at  least,  preserved  from  great  erosion  from  the 
time  when  the  limestone  rose  above  the  sea  to  the  cutting  of 
the  present  valleys.  This  hypothesis  is  to  be  received  with 
caution  since  it  controverts  supposed  changes  in  altitude 
adduced  from  study  of  the  surrounding  counties,  and  is  itself 
improbable  in  that  it  postulates  a  freedom  from  change  for  a 
longer  period  of  time  than  has  been  usual  in  the  earth's  his- 
tory. 

Whenever  the  streams  originated,  they  have  in  the  main 
held  their  courses  ever  since.  They  belong  to  the  resur- 
rected type  characteristic  of  the  Kansan  drift.*  Many  minor 
changes  took  place  in  the  course  of  the  glacial  period  and 
in  recent  time  a  considerable  amount  of  cutting  has  been 
done.  The  most  striking  fact  in  relation  to  the  drainage  is 
its  age  and  completeness,  and  while  the  recovery  of  a  once 
completely  drained  area  by  a  series  of  resurrected  streams 
would  be  relatively  rapid,  these  facts  can  only  be  interpreted 
as  indicative  of  a  very  long  period  of  time  since  the  ice  left 
the  region. 

*Bain:    Iowa  Geol  Sar v.,  VI,  458-400.    1807. 
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STRATIGRAPHY. 

General  Relations  of  Strata. 

The  strata  exposed  in  Madison  county  belong  to  two  groups 
widely  separated  in  character,  origin  and  age.  The  under- 
lying indurated  rocks  belong  to  the  Carboniferous;  the  over- 
lying unconsolidated  beds  belong  to  the  Pleistocene.  Between 
the  two  is  a  great  unconformity  indicative  of  a  long  time 
interval.  Possibly  in  the  drift-covered  southwestern  portion 
of  the  area,  outliers  of  the  Cretaceous  occur  between  the 
Carboniferous  and  the  Pleistocene.  No  such  beds,  however, 
have  been  seen  in  the  field  or  reported  from  drill  holes 
^  Fragments  from  the  Cretaceous  conglomerate  seen  in  Guthrie 
county  occur  commonly  in  the  drift  of  Madison,  but  at  pres- 
ent there  is  no  suflBcient  evidence  for  believing  that  the  beds 
occur  in  situ  within  the  limits  of  the  county.  From  the  close 
of  the  Carboniferous,  perhaps  from  the  early  part  of  the 
Upper  Carboniferous,  to  the  oncoming  of  the  great  glaciers 
of  the  Pleistocene,  Madison  county  seems  to  have  been  the 
scene  of  erosion  rather  than  deposition ;  and  yet,  as  has  been 
suggested,  the  amount  of  erosion  accomplished  in  that  inter- 
val, while  great  as  compared  with  that  now  being  carried  on, 
is  small  as  compared  with  the  length  of  the  time. 

The  beds  of  the  Carboniferous  include  rocks  which  make  up 
two  series  of  strata.  The  lower  series  is  composed  of  sand- 
stones, shales,  coal  seams  and  a  few  thin  limestones.  It  is 
the  Des  Moines  formation  and  includes  the  beds  which  White 
referred  to  the  middle  and  lower  coal  measures.  The  upper 
series  is  the  Missourian  and  is  represented  here  by  the  Beth- 
any limestone  with  the  intercalated  shales.  It  answers  to 
the  Upper  Coal  Measures  of  White.  Both  the  Des  Moines  and 
the  Missourian  belong  to  the  Upper  Carboniferous  series 
defined  by  Branner  as  the  Pennsylvanian  and  currently  known 
as  the  coal  measures. 

The  Pleistocene  beds  include  the  modern  alluvium,  the 
loess  and  the  Kansan  drift  sheet.  An  earlier  drift  sheet  is 
perhaps  present  but  has  not  been  differentiated. 
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The  taxonomic  rank  of  the  various  formations  is  shown  in 
the  following  table. 


1 

GRUL'P. 

S\STKX.          > 

1 
1 

SERIES. 

STAGE. 

SUB-STAGE. 

1 

1 

Pleistocene, 

1 

Recent. 

Alluvium. 

1 

CenoBoie. 

Glacial. 

lowan. 

Loess. 

Kansan. 

Drift. 

1 
1 
Paleozoic. 

Carboniferous. 

L'pper  Carbon- 
iferous, 
(coal  measures) 

Missourian. 

Bethany  lime- 
stone. 

Des  Moines 

Geological  Formations. 
CARBONIFEROUS. 

DES   MOINES  FORMATION. 

The  sti'ata  referred  to  the  Des  Moines  are  the  oldest  beds 
outoi'opping  in  the  county.  They  underlie  the  eastern  por- 
tion of  the  county  and  are  cut  into  by  the  river  valleys. 
Only  the  upper  portions  of  the  Des  Moines  formation  outcrop 
within  the  county;  the  earlier  beds  of  this  stage  lie  below  the 
level  of  the  vallevs  of  erosion.  The  lowest  beds  known  in  the 
county  are  probably  350  feet  above  the  Saint  Louis  limestone, 
which  lies  just  beneath  the  productive  coal  measures.  Sec- 
tions along  Raccoon  river  by  Keyes,  and  along  Middle  river 
by  the  senior  author,  indicate  the  character  of  the  lower  beds. 

The  Des  Moines  formation  is  characteristically  a  complex 
of  shales  of  many  kinds,  sandstones,  coal  seams,  and  thin  lime- 
stones. In  its  lower  portion  there  is  a  marked  lack  of  per- 
sistence of  individual  beds.  The  rapid  and  complete  litho- 
logic  changes  which  the  strata  undergo  have  so  far  made 
it  impossible  to  trace  individual  beds  for  any  great  distance. 
To  a  certain  extent  this  is  true  of  the  upper  portion  of  the  Des 
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Moines  formation  as  shown  in  Madison  county,  but  in  general 
the  characteristics  of  individual  beds  persist  over  wide  areas. 
In  Guthrie  and  Dallas  counties  Mr.  Leonard  and  the  junior 
author  recognize  a  well  defined  series  which  extends  under  a 
portion  of  Madison  county.  Farther  south,  however,  the  char- 
acter of  the  formation  changes  somewhat  so  that  it  is  only  pos- 
sible to .  make  the  most  general  correlations  between  the  Des 
Moines  beds  of  southeastern  Madison  and  those  farther  north. 
The  best  exposures  of  the  Des  Moines  so  far  noted  within 
the  county  may  be  found  in  South  township  along  a  stream 
running  down  to  Clan  ton  creek  not  far  from  Hanley  (sections 
35,  34  and  27).  Starting  from  the  Fragmental  limestone, 
which  is  regarded  as  the  base  of  the  Bethany  and  exposed 
not  far  from  the  Des  Moines  &  Kansas  City  railroad,  the  fol- 
lowing section  is  exposed. 

FBST.  INCHS8. 

22.     Shales,   drab,  argillaceous,  with  abundant 

Derby s  crassa,  Cbonetes,  probably  Cbo- 

netes  parvus  Shum. ,  at  the  top 12 

21.    Shales,  red,  argillaceous    3 

20.     Limestone,  fragmental,  earthy,  with  bits  of 

fossils - - 2 

19.     Shale,  blue  to  green,  argillaceous,  grading 

into  red  below 3 

18.     Shales,  blue  to  green,  sandy,  with  nodular 

segregations  of  limestone 12 

17.    Shales,  blue,  calcareous 12 

16.    Limestone,  compact -  2 

15.    Limestone,   fragmental,   loose,   with  young 

Conetes  mesoJoba     - 10 

14.    Limestone,  fragmental,  but  firmly  cemented, 

reddish  color,  with  Spirifer  cameratus  and 

Productas  costattts 1 

13.     Shales,  green,  argillaceous        29 

12.    Limestone,  blue  to  black,  in  two  ledges,  with 

Spirifer  cameratus^  Rbyacbonella  and  PiO- 

dactua     - - - 1 

11.    Shale,  carbonaceous 2 

10.    Shale,  clayey,  drab 1 

9.    Shale,  yellow,  sandy,  with  marked  horizontal 

bedding  planes 4 

8.    Shales,  black  to  drab,  carbonaceous 0 
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FBET.         INCHIS. 

7.  Limestone,  nodular,  sandy,  with  Prodactus 
corBi  Cbonetea  mesoloba  and  Atbjris  sub- 

tibta 1  4 

6.    Shale,  gray,  sandy 3 

6.     Limestone,  similar  to  number  7 10 

4.    Shale,  clayey,  drab  to  blue 10 

3.     Shale,  carbonaceous. 1 

2.  Limestone,  thin  bedded,  leaf-like  in  texture, 
with  Prodactus  muricatus^  Cbonetes  mes- 
oloba, Derby  a  crtissa  and  Productus  cos- 

tatvs. 3 

1.    Clay,green 3 

The  lower  portion  of  this  section,  numbers  1  to  7,  is  seen 
best  on  the  east  side  of  Clan  ton  creek  near  Hanley  (Tp.  75  N., 
R.  XXVI  W.,  Sec.  22),  numbers  1  to  4  being  seen  only  at  this 
place. 

Below  the  limestone  ledges  quarried  north  of  St.  Charles 
and  belonging  to  the  Bethany  limestone,  beds  corresponding  to 
numbers  14r-17  of  the  above  section  are  exposed  at  the  proper 
horizon.  The  limestone  (numbers  14-16)  carries  Prodiietus 
rmiricatus  and  fragments  of  fish  teeth. 

Still  farther  north  on  the  road  leading  into  St.  Charles  from 
the  north  (South  township,  section  11)  the  following  beds  are 
exposed  in  a  gully.     The  section  starts  100  feet  below  the 

« 

upland. 

FSKT.  INCH  Kg. 

19.     Shale,    gray,  clayey  below,   to  micaceous 

sandy  above 30 

18.    Limestone,  compact,  earthy  brown,  with 

Spirifer  pJano-convexus  (?)  and  Spirifer 

cam:rattts 1 

17.     Shale,  gray,  argillaceous 8 

16.     Shale,  black,  carbonaceous 6 

15.     Coal,  impure 5 

14.     Shale,  gray  to  buff,  argillaceous 4 

13.     Coal,  impure 3 

12.     Shales,  gray,  argillaceous 3 

1 1.     Clay,  yellow,  ocherous,  with  Productus  cora    4 
10.     Limestone,  impure,  earthy,  with  Productus 

muricatvs 6 

9.     Shales,    argillaceous,    green    below,     red 

above 3 
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VXBT.         IN0HS8. 

8.  Limestone,  dense,  non-fossiliferous 3 

7.  Shales,  gray  to  drab,  clayey .— 1 

6.  Shales,  black,  carbonaceous,  with  Prodac- 

tvs  muricatvs 1 

5.  Limestone,  fragmental 2 

4.  Shale,  gray,  clayey 2  ' 

3.  Limestone,  similar  to  number  5 1  6 

2.  Shale,  gray,  clayey 2 

1.  Limestone,  Boft,  yellow,  earthy 8 

This  section  may  be  correlated,  though  not  closely,  with  the 
Hanley  section.  Number  18  in  the  present  section  probably 
represents  number  12  of  that;  numbers  15  and  11,  numbers  13 
and  8;  numbers  10  and  7,  numbers  8  and  5;  numbers  6  and  3 
and  numbers  5  and  2  may  be  considered  as  equivalents.  The 
comparison  shows  well  the  persistence  and  the  variation  in 
the  beds  of  this  portion  of  the  Des  Moines. 

South  of  Patterson  the  exposure  along  a  ravine  (Tp.  76  N. , 
R.  XXVI  W.,  Sec.  32,  Nw.  qr.,  Se.  i)  yields  the  following  sec- 
tion: 

FBBT.  INCBKS. 

14.  Shale,  black 2 

13.  Unexposed 21 

12.  Shale,  blue,  clayey  above,  gray,  sandy  below  16 

11  Limestone,  dense,  drab,  fosslliferous 1 

10.  Shale,  blue,  clayey 3 

9.  Sandstone,  gray 5 

8.  Shale,  clayey,  blue  and  gray 27 

7.  Sandstone,  gray,  nodular 1 

6.  Shale,  sandy,  drab 27 

5.  Limestone,  arenaceous,  gray,  fosslliferous .  9 

4.  Shale,  black 2 

3.  Shale,  gray,  clayey  (only  partly  exposed) . .  30 

2.  Coal 6 

1.  Shale,  red  (only  partly  exposed) 32 

The  base  of  this  section  is  on  a  level  with  Middle  river. 
The  imperfect  exposure  of  some  of  the  beds  makes  its  cor- 
relation difficult,  but  it  seems  probable  that  number  1  repre- 
sents numbers  14-16  of  the  Hanley  section. 

Aside  from  these  sections  along  Clanton  creek  and  its  trib- 
utaries there  are  occasional  outcrops  of  Des  Moines  strata 
throughout  the  eastern  portion  of  the  county. 
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North  of  Tileville  is  a  section  which  will  be  discussed  later. 
In  Lee  and  Jefferson  townships  the  strata  are  quite  generally 
concealed  beneath  the  drift.  They  seem  to  consist  largely  of 
clayey  and  sandy  shale  with  some  sandstone.  About  four 
miles  southwest  of  Boonville  (Tp.  77  N.,  R.  XXVIII  W.,  Sec. 
11)  a  two-foot  layer  of  sandstone  appears  in  the  hillside  106 
feet  below  the  upland.  Sixty  feet  above  it  is  a  stratum  of 
gray  sandy  limestone,  about  two  feet  thick  and  weathering 
into  thin  layers.  Similar  beds  may  be  seen  farther  down 
Badger  creek  in  section  12  of  Jefferson  and  sections  20  and 
15  of  Lee  townships.  The  limestone  is  thought  to  be  identical 
with  that  seen  along  the  Raccoon  river  and  numbered  13  in 
the  following  section  obtained  by  Mr.  Leonard  in  Dallas 
county  (Tp.  78  N.,  R.  XXVII  W.,  Sec.  26,  Nw.  qr.,  Sw.  i): 

FCBT.  INCHB8. 

15.    Drift 6+ 

14.  Sandstone,  soft,  gray,  with  flakes  of  yellow 

mica 8 

13.     Shales,  sandy,  gray 15 

}2,    Limestone,  sandy,  fossiliferous  .— 1  2 

11.     Shales,  carbonaceous,  coaly  below 1  4 

10.    Shales,  gray 4 

9.  Sandstone,  heavily  bedded  with  Lepidoden- 

drons 4 

8.    Shale,  sandy  above 6 

7.    Coal 6 

6.    Shales,  clayey,  variegated 20 

5.    Shales,  bituminous 2 

4.    Limestone,  fragmentary 5 

3.    Shales,  blue  to  gray 6 

2.    Shales,  carbonaceous. 2 

1.    Shales,  blue,  clayey,  exposed ^-.  5 

Number  7  of  this  section  is  considered  by  Mr.  Leonard  to  be 
the  Marshall  coal,  and  the  various  members  of  the  section 
have  been  recognized  along  the  Raccoon  as  far  west  as  Guth- 
rie county.  In  Madison  county  the  limestone  and  coal  are 
present  in  Crawford  township,  sections  17  and  18,  and  are 
probably  represented  in  some  of  the  coal  horizons  noted  along 
Clanton    creek.     The    exact    correlation,   however,   of    the 
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Dallas  county  and  the  Clanton  creek  exposures  cannot  be  made 
out,  and  it  is  doubtful  whether  the  two  sections  are  to  be 
considered  as  equivalent  in  other  than  a  general  woiy. 

MISSOURIAN   FORMATION. 

The  beds  found  in  Madison  county  which  are  referred  ta 
the  Missourian  belong  entirely  to  the  lower  member,  the 
Bethany  limestone.  They  afford  an  almost  complete  section 
of  that  member,  certain  of  the  higher  beds  found  on  Grand 
river  in  Union  county  alone  being  lacking.  The  Bethanj'^,  as 
seen  here,  includes  four  bodies  of  limestone  separated  bj^ 
shales.  The  complete  section  is  well  exposed  on  Middle 
river  in  Lincoln  township,  and  along  a  ravine  in  section  22 
the  following  section,  which  may  be  taken  as  typical,  was. 
made  out. 

FEBT.  INCHES. 

20.     Limestone,  yellow,  earthy,  in  thin  layers, 

with  Fusulina,  Aulopora  and  Prodactus 

semireticulatvs -. 4 

19.     Shale,  drab  to  yellowish ....     1 

18.     Alternating   calcareous  and   shaly  bands, 

yellowish,  with  Ddrbja  crassa^  Prodactus 

loagisptDus  and  Spirifer  plano-convcxus. .    S 

17.    Dark  shale 2. 

16.    Ledge  of  compact  limestone 1  2 

15.     Dark  blue  shale,  with  many  crushed  indi- 
viduals of  Productas  lo  ngispiaus 6 

14.    Black,  very  carbonaceous  shale 1 

13.     Shale,  argillaceous  above,  becoming  sandy 

below . - 4  0. 

12.    Limestone,  coarse,  divided  by  shaly  part- 
ings  — -    3 

11.     Shale,  dark,   in    part  very  carbonaceous, 

with  band  crowded  with  Cbonetes  ver- 

neuUianvs  and  with  occasional  specimens 

of  Spirifer  cameratas  and  Prodactus  cora. 

In  places  the  Chonetes  are  cemented 

into  a  thin  band  of  limestone... 8^ 

10.    Blue  limestone,  very  fossiliferous,  in  three 

bands  separated  by  shale 3 

9.    Shale,  dark  above,  lighter  below 2 

8.     Marly,  yellowish  shale 3 

41 G.  Uop. 
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~     YeL:o«i;^h.  soh  limeBtone,  which  becomes 

harder  below „ 5 

i,  T^--  l>j«rs  of  limestoDe  with  shaly  part- 
ing   12 

i     ?.>i-i  $lai«Bnd  ebale . 3 

•     Vrllv-»is!i.  «*rtby,  calcareous  beds  showing 

if^eift  of  irregular  depoeitioD... 4 

2.        -—■=•■■*"■    witb  thin  alternating  beds  of 

*iA> 12 

i     ?.*.-«  tiale 3 

I,     V^aii  of  Unesione 6 

A:  -i*  xcu:ii  of  the  ravine  and  below  number  1  of  the 
^S.'**  s«rv-tx'«  is  asandy  shale  about  fifteen  feet  thick  shown 
;:i  t.w  "owvr  v»rU0D  of  figure  75.     A  short  distance  up  the 


■rcUonSOot  Lincoln 


^;.".:tv  known  as  the  IJevil's  Backbone,  beds 
v-ist^  enumerated   are  exposed.      Below  the 
,,.-v.t^t  and  forming  the  ledges  over  which  the 
s-  toV.owing: 


BACKBONE    EXPOSURES. 


4.    Limestone,  thin  bedded,  weathering  into  nod- 
ular fragments .1 5 

3.    Shale,  parting 3 

2.    Limestone,  similar  to  above 4 

1.    Shale,  blue  to  buff,  to  river  2 

In  number  2  of  this  section  Athyris  subtUita  occurs,  being 
small,  rather  smooth,  and  with  a  feebly  developed  fold  and 
sinus.  In  num- 
ber 4  the  speci- 
mens of  Athyris 
found  are  larger. 
In  number  2  Spir- 
ifer  caTneratus, 
MeeheUa  striato- 
Gostata  (small)  and 
Axophyll/uTfi  rude 
also  occur. 

The  limestone 
forming  numbers 
t  and  4  of  the 
section  just  given 
occurs  at  many 
points  in  Madison 
and  adjoining 
counties.  It 
forms  the  lower- 
most of  the  heavy 
limestones  which 
mark  the  base  of 
the      Missourian 

formation  and  is  considered  to  be  the  basal  member  of  the 
Bethany.  From  its  general  character  it  is  called  the  Frag- 
mental  limestone. 

The  first  heavy  limestone  above  the  Fragmental,  number  3 
of  the  exposure  in  section  22,  Lincoln  township,  is  the  equiva- 
lent of  the  beds  quarried  at  Earlham,  and  hence  may  be  called 


Mhemlll  Is  the  Frag- 
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the  Earlham  limestone.  Numbers  6  and  7  are  well  exposed 
at  Winterset,  and  have  been  extensively  quarried  there,  so  that 
the  term  Winterset,  heretofore  used  loosely  as  the  equivalent 
of  Bethany,  may  be  appropriately  restricted  to  this  horizon. 
Number  20  forms  the  base  of  a  limestone  member  attaining  in 
the  vicinity  a  thickness  of  as  much  as  twenty-five  feet,  and 
which  from  the  abundance  of  Fusulina  characterizing  it  may 
be  called,  for  the  present  at  least,  the  Fusulina  limestone. 
The  characteristics  of  these  individual  beds  will  be  brought 
out  in  discussing  the  various  exposures. 

The  Fragmental  limestone  is  not  well  exposed  in  the  vicin- 
ity of  the  Earlham  quarries,  though  north  of  that  place  on 
Bear  creek,  Mr.  Leonard  has  found  it  with  the  usual  assem- 
blage of  fossils.  In  Guthrie  county,  just  north  of  Stuart,  it  is 
well  developed.  Along  a  small  stream  emptying  into  Deer 
(;reek  north  of  Stuart  the  basal  portion  of  the  Bethany  is 
exposed.  The  lowest  rock  seen  is  the  Fragmental  limestone, 
which  is  made  up  of  irregular  bits  of  limestone  filled  in  with 
calcareous  shale.  At  one  point  it  can  be  pulled  to  pieces  with 
the  fingers.  At  another  it  is  hardened  into  massive  (two  feet) 
ledges.  A  total  thickness  of  ten  feet  is  seen.  The  fossils 
found  include  the  following: 

Lopbopbyllam  proUferuw. 
Arcbaocidarisy  sp,? 
Productus  loDgespiaua. 
Orihia  pccoai. 
Atbyria  BubUlitA. 
Haafcdia  mormoni. 
Spiri/er  liaeutua. 
SpirifcT  camera tua, 
lieUeropboVy  sp  ? 
StrsparoIlaSf  sp.? 

The  fauna  is  much  like  that  found  near  St.  Charles. 

The  Fragmental  rock  is  seen  southwest  of  Winterset  along 
the  ravine  leading  down  to  Middle  river,  but  the  best  expos- 
ure's are  along  Clanton  creek  and  around  the  edges  of  the  St. 
(>harles-Truro  upland.     About  a  half  mile  south  of  Peru,  on 
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the  east  side  of  the  Chicago  Great  Western  track,  the  Frag- 
mental  rock  in  its  normal  facies  of  loosely  cemented  bits  of 
limestone  is  exposed  twenty-four  feet  above  Clanton  creek. 
It  carries  abundant  Spirifer  lineatns  and  Athyris  8ubtilita  with 
frequent  Hustedia  nwrmoni.  It  is  seen  at  several  points  in 
the  vicinity,  and  a  total  thickness  of  ten  feet  is  indicated.  It 
is  covered  by  fifteen  to  seventeen  feet  of  gray  shale,  over 
which  is  found  the  Earlham  limestone  and  the  normal 
sequence.  The  rock  is  seen  again  just  east  of  Peru  in  the 
banks  of  the  creek  and  along  tributaries  of  the  main  stream, 
and  has  been  opened  up  at  several  points  east  of  Hanley.  At 
the  point  north  of  Truro  (section  35,  South  township,  at  which 
the  section  of  Des  Moines  beds  already  given  is  exposed),  the 
Fragmental  rock  is  found  capping  the  Des  Moines.  It  is  here 
two  and  one-half  feet  thick,  and  is  not  particularly  fragmental 
in  character,  but  carries  the  following  fauna: 

Productus  costattts. 
Prodactus  longispinus, 
Atbjris  subdJita. 
Hustedia  mormoni, 
Spiriier  cameratns. 
Spirifer  liaeatus. 
Spiriferiaa  kentockensia. 
RbjncboaeUa  (Pagaax)  ota. 
Diclasma  bovidens. 
BelleropboD,  sp,? 
NaticopsiSi  sp,F 

At  the  quarries  north  of  St.  Charles  the  rock  shows  the 
same  thickness  in  ledges  of  four  to  six  inches.  The  fossils 
found  there  are: 

Prodactus  longispinua. 
Productus  costatus. 
Atbyris  sabtilita. 
Hustedia  mormoni, 
Spiriier  cameratus. 
Spirifer  liaeatus. 
Ryncbooella  {Pugnax)  uta. 
BeilcropboDf  sp.? 
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FKBT.        IBCBM. 

7.    Yellowish,  soft  titnestone,  which  becomes 

hai-der  below 5 

0.  Thin  layers  of  limestone  with  ehaly  part- 

ings    12 

6.    Black  slate  and  shale 3 

4.     Yellowish,  earthy,  calcareous  beds  showing- 

effectof  irregular  deposition 4 

3.    Limestoae,  with  thin  alternating  beds  of 

shale 12 

3.    Black  shale 3 

1.  Band  of  limestone 6 

At  the  mouth  of  the  ravine  and  below  number  1  of  the 
above  section  is  a  sandy  shale  about  fifteen  feet  thick  shown 
in  the  lower  portion  of  figure  75.     A  short  distance  up  the 


Fig.  TB.   The  Earlham  limestone  and  underWlDg  beds  as  seeo  la  section  9)  of  Lincoln 
towaenlp. 

river,  at  the  locality  known  as  the  Devil's  Backbone,  beds 
equivalent  to  those  enumerated  are  exposed.  Below  the 
shales  just  mentioned  and  forming  the  ledges  over  which  the 
water  falls  is  the  following: 


BACKBONE    EXPOSURES. 


4.    Limestone,  thin  bedded,  weatheriDg  into  nod- 
ular tragmeats 1 6 

3.    Shale,  parting 3 

2.    Li meatone,  similar  to  above 4 

1.     Sliale,  blue  to  buff,  to  river 2 

In  number  2  of  this  section  Athyt-is  suhtUita  occurs,  being 
small,  rather  smooth,  and  with  a  feebly  developed  fold  and 
sinus.  In  num- 
ber 4  the  speci- 
mens of  Athyris 
found  are  larger. 
In  number  2  .^V- 
ifer  cameratus, 
Meekella  atriato- 
omtata  (small)  and 
Axophyllmn  rude 
also  occur. 

The  limestone 
forming  numbers 
2  and  4  of  the 
section  just  given 
occurs  at  many 
points  in  Madison 
and  adjoining 
counties.  It 
forms  the  lower- 
most of  the  heavy 
limestones  which 
mark  the  base  of 
the      Missourian 

formation  and  is  considered  to  be  the  basal  member  of  the 
Bethany.  From  its  general  character  it  is  called  the  Frag- 
mental  limestone. 

The  first  heavy  limestone  above  the  Fragmental,  number  3 
of  the  exposure  in  section  22,  Lincoln  township,  is  the  equiva- 
lent of  the  beds  quarried  at  Earlham,  and  hence  may  be  called 


'■W.-^^^     .  j^ 

5-...-. 

--- 1 

le  DavU's  Bickboue.  The  main 
lr  the  tuDDel  ts  tbe  EulbBin. 
ir  falls  atihemlll  la  the  Frag- 
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the  Earlham  limestone.  Numbers  6  and  7  are  well  exposed 
at  Winterset,  and  have  been  extensively  quarried  there,  so  that 
the  term  Winterset,  heretofore  used  loosely  as  the  equivalent 
of  Bethany,  may  be  appropriately  restricted  to  this  horizon. 
Number  20  forms  the  base  of  a  limestone  member  attaining  in 
the  vicinity  a  thickness  of  as  much  as  twenty-five  feet,  and 
which  from  the  abundance  of  Fusulina  characterizing  it  may 
be  called,  for  the  present  at  least,  the  Fusulina  limestone. 
The  characteristics  of  these  individual  beds  will  be  brought 
out  in  discussing  the  various  exposures. 

The  Fragmental  limestone  is  not  well  exposed  in  the  vicin- 
ity of  the  Earlham  quarries,  though  north  of  that  place  on 
Bear  creek,  Mr.  Leonard  has  found  it  with  the  usual  assem- 
blage of  fossils.  In  Guthrie  county,  just  north  of  Stuart,  it  is 
well  developed.  Along  a  small  stream  emptying  into  Deer 
creek  north  of  Stuart  the  basal  portion  of  the  Bethany  is 
exposed.  The  lowest  rock  seen  is  the  Fragmental  limestone, 
which  is  made  up  of  irregular  bits  of  limestone  filled  in  with 
calcareous  shale.  At  one  point  it  can  be  pulled  to  pieces  with 
the  fingers.  At  another  it  is  hardened  into  massive  (two  feet) 
ledges.  A  total  thickness  of  ten  feet  is  seen.  The  fossils 
found  include  the  following: 

Lophopbyllam  proltferuw, 
Arcbasocidaris,  sp.? 
Productus  loDgespiaua, 
Or  this  pccoai. 
Athyris  subtilita. 
Haafedia  mormoni. 
Spiriler  liae&tus. 
Spin  for  camera  tua, 
BelJeropboffy  sp  ? 
StraparoHus,  sp,? 

The  fauna  is  much  like  that  found  near  St.  Charles. 

The  Fragmental  rock  is  seen  southwest  of  Winterset  along 
the  ravine  leading  down  to  Middle  river,  but  the  best  expos- 
ures are  along  Clanton  creek  and  around  the  edges  of  the  St. 
Charles-Truro  upland.     About  a  half  mile  south  of  Peru,  on 
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the  east  side  of  the  Chicago  Great  Western  track,  the  Frag- 
mental  rock  in  its  normal  facies  of  loosely  cemented  bits  of 
limestone  is  exposed  twenty-four  feet  above  Clanton  creek. 
It  carries  abundant  Spirifer  lineatvs  and  Athyris  siibtilita  with 
frequent  Hustedia  niormoni.  It  is  seen  at  several  points  in 
the  vicinity,  and  a  total  thickness  of  ten  feet  is  indicated.  It 
is  covered  by  fifteen  to  seventeen  feet  of  gray  shale,  over 
which  is  found  the  Earlham  limestone  and  the  normal 
sequence.  The  rock  is  seen  again  just  east  of  Peru  in  the 
banks  of  the  creek  and  along  tributaries  of  the  main  stream, 
and  has  been  opened  up  at  several  points  east  of  Hanley.  At 
the  point  north  of  Truro  (section  35,  South  township,  at  which 
the  section  of  Des  Moines  beds  already  given  is  exposed),  the 
Fragmental  rock  is  found  capping  the  Des  Moines.  It  is  here 
two  and  one-half  feet  thick,  and  is  not  particularly  fragmental 
in  character,  but  carries  the  following  fauna: 

Prodactus  costatus. 
Prodactus  loogispinus, 
Atbjris  subtilita. 
Hustedia  mormonu 
Spiriier  cameratua. 
Spirifer  Uaeatus. 
Spiriferina  kentuckenais. 
RbjDcbonella  (Pugaax)  vita. 
Dielaama  bovidens. 
BelleropboD,  sp,? 
NaticopsiSf  sp.? 

At  the  quarries  north  of  St.  Charles  the  rock  shows  the 
same  thickness  in  ledges  of  four  to  six  inches.  The  fossils 
found  there  are: 

Prodactus  loogispinua. 
Productus  costatus. 
Atbjrris  subtilita. 
Hustedia  mortnoni, 
Spirifer  cameratus. 
Spirifdr  liaeatus. 
RyncboDella  (Pugaax)  uta. 
BellcTOpbon,  sp.? 
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Naticopsis  altoncnsis, 
StraparoUus  catilloides, 
Strap&rolluSt  sp.? 

The  same  bed  is  seen  southeast  of  St.  Charles  (section  1,  Ohio 
township),  and  on  South  river  (section  28).  At  each  locality 
the  usual  assemblage  of  fossils,  characterized  by  the  great 
abundance  of  small,  smooth  specimens  of  Spirifer  lineatus  and 
Athyria  suhtilita  and  the  comparatively  rare  occurrence  of  Spi- 
rifer earner atvs  and  Productus  co8tatus^  was  found.  The  fauna  is 
one  of  the  most  characteristic,  both  in  species,  character,  and 
relative  abundance  of  forms  found  in  the  region,  and  makes 
an  excellent  guide  for  tracing  the  base  of  the  Missourian. 
Near  Truro  and  St.  Charles  there  are  no  good  exposures  of 
the  higher  limestone,  though  their  presence  is  indicated.  On 
South  river  the  exposures  show  the  following  section. 

6.    Limestone,  thin  bedded  with  Prod  actus  cora^ 

and  Atbjrria  subtilita  (large) .-.. 2  6 

5.     Unexposed 6 

4.  Limestone,  fragmental  in  part,  with  Spirifer 
lineatus,  Atbjrris  subtilita  (small)  Rjncbo- 
Bella  uta,  Hustedia  mormoni,  etc 3 

3.    Shale,  argillaceous  drab  to  black 3 

2.    Unexposed 10 

].    Sandstone,  yellow,  with  ripple  marks  and 

heavy  cross-bedding 6 

Number  6  of  this  section  probably  represents  the  Earlham. 
More  limestone  seems  to  be  present  in  the  hills,  but  is  not 
exposed. 

The  Earlham  limestone  is  best  exposed  in  the  quarries  near 
the  town  of  that  name.  At  the  Robertson  quarry,  two  miles 
east  of  Earlham,  the  following  section  was  noted; 

FEKT.  IN0HB8. 

11.  Bed  of  soft,  yellowish,  magnesian,  earthy 
limestone,  decomposing  readily  when  ex- 
posed to  weather 4 

10.     Limestone  in  three  heavy  ledges  at  west 

end  of  quarry 4 

9.     3ufl  shale  with  Cbonetes  yerneuilianus 4 

8.     Limestone,  like  number  4 2 
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FBCT.  INOHSB. 

7.     Ashen  shale  with  very  few  fragmente  of 

brachiopod  shells 6 

6.  Earthy  limestone,  decomposing  readily,  yel- 
lowish, carrying  large  individuals  of 
Atbjris  subtilita 3 

5.  Drab  shale,  with  Productas  longispinus^  P. 
costataSf  crinoid  stems  and  fragments  of 
other  fossils.- 6 

4.  Quarry  limestone,  in  thin  layers,  irregu- 
larly bedded .- 8 

3.    Unexposed 20 

2.    Sandstone,  in  heavy  layers 7 

1     Base  of  sandstone  to  creek,  unexposed 17 

At  one  point  the  quarrymen  had  worked  down  in  the  bottom 
of  the  quarry  and  exposed,  below  number  4,  drab  and  black 
shales  to  the  depth  of  three  feet,  and  below  the  shales  a  ledge 
of  limestone  six  inches  in  thickness. 

Distributed  through  the  limestone  beds  number  4  are  the 
following: 

Lopbopbjllum  proliferum  McChesney. 

Stem  segments  and  body  plates  of  crinoids. 

Various  species  of  Bryozoa. 

Meekella  striatocostata  Cox. 

Productas  panctatas  Martin. 

P.  eoatattts  Sowerby. 

P.  loogispinus  Sowerby. 

P.  cora  D'Orbigny  =  P.  pattenianus  of  authors. 

Atbyria  {Seminula)  subtilita  Hall. 

Huatedia  mormoni  Marcou. 

Spiriftr  cameratus  Morton. 

Spirikrina  kentuckeosis  Shum. 

Allonsma  subcaoeaium  M.  &  H. 

Chonetes  verneuiliamis  N.  &  P.  is  somewhat  common  in 
number  9  but  is  very  rare  in  the  other  members  of  the  sec- 
tion. Spvrifer  cameratus  and  Productus  longispinua  are  most 
abundant  near  the  base  of  number  4,  while  Productus  costatus 
and  Athyris  subtilita  are  more  common  in  the  upper  layers. 
All  the  species  enumerated,  however,  with  the  exception  of 
AUorisma  siihcuneatnm^  range  through  all  the  beds  making  up 
number  4. 
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At  the  quarries  south  of  Earlham  in  section  18,  Madison 
township,  the  beds  from  4  to  11  inclusive  of  the  Robertson 
quarry  section  are  exposed  and  are  overlain  by  blue,  drab  and 
buff  shales  eight  feet  in  thickness.  The  beds  here  carry  the 
same  fauna  as  the  corresponding  beds  at  the  Robertson 
quarry. 

North  of  Winterset  the  beds  making  up  the  sections  seen  in 
the  quarries  near  Earlham  are  exposed  along  Cedar  creek  in 
section  25  of  Douglass  township.  The  beds  rest  on  the  black 
shale  seen  beneath  number  4  at  Robertson's  quarry.  The 
entire  section  is  as  follows: 

FXBT.  INCHB8. 

8,     Limestone,  in  heavy  ledges . 4 

7.     Shale,  buff,  with  very  abundant  Cbonetcs 

Yernenlianus 4 

6.     Limestone,  heavy  bed _ 2 

6.    Shale,  blue,  with  a  thin  bed  of  reddish  de- 
composing    limestone     carrying     large 

Atbyris  sabtilita - 8 

4.     Limestone,  thin  bedded  quarry  rock 8 

3.    Shale,  drab  to  black 2 

2.    Limestone,  dense  black 1 

1.     Shale,  drab 4 

Equivalent  beds  may  be  seen  at  several  points  between 
Earlham  and  Winterset.  At  the  latter  place  the  Earlham 
rockls  exposed  near  the  old  lime  kiln  southeast  of  town. 
Along  the  ravine  running  down  to  Middle  river  the  completed 
section  is  as  follows: 

FBET.  INCHES. 

26.     Limestone,  blue,  Meekella  zone 4 

25.    Shale,  drab  to  yellow 3 

24.  Limestone,  blue,  three  thin  ledges  sepa- 
rated by  shale,  Chonetes  veraealiaoas 
very  abundant 1 

23.     Shale,drab 1  3 

22.     Limestone,  blue 4 

21.  Shale,  drab,  with  very  many  specimens  of 
Derby  a  crassa  in  and  just  below  the  lime- 
stone   4 

20.  Limestone,  earthy  magnesian,  easily  disin- 
tegrating  - 5 

19.     Shale,  drab 4 
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FEET.         INCHIS. 

18.  Limestone,  medium  grained,  coarse  bedded, 

quarry  rock 12 

17.    Shale,  clayey,  drab  ._-   2 

16.    Shale,  black,  slaty I 

15.     Shale,  drab 4 

14.    Limestone,  soft,  earthy 6 

13.  Limestone,  nodular,  irregularly  bedded  _  - .  4 

12.     Shale,  yellow 6 

II.    Limestone,  nodular 4 

10.  Limestone,   thin    bedded    with    P^odactas 
corOf   Meekella   atriatocostataj    Atbjris 

subtilita    10 

9.    Shale,  blue  to  drab 1 

8     Shale,  black,  slaty 1                6 

7.    Limestone,  black,  impure 6 

6     Shale,  gray,  clayey  to  sandy 15 

5.     Limestone,  fragment al 3 

4.     Unexposed 6-  8 

3     Shale,  gray,  clayey  1 

2.    Unexposed 3 

1.    Limestone,  f ragmen tal 3 

Of  the  above  section  numbers  1  to  5  may  be  referred  to  the 
Fragmental  limestone.  Number  10  represents  the  Earlham. 
Number  18,  which  has  been  quarried  at  the  edge  of  town,  the 
quarries  being  west  of  and  above  the  lime  kiln  quarry,  repre- 
sents the  Winterset.  There  is  a  slight  dip  to  the  west  here 
which  is  at  first  deceptive. 

The  Earlham  beds  are  seen  southwest  of  Winterset  below 
the  old  Court  House  quarries  (section  12,  Lincoln  township)  and 
again  at  the  Backbone,  where  they  form  the  heavy  bed  of 
rock  above  the  tunnel.  At  this  point  the  member  attains  a 
thickness  of  twenty-one  feet.  The  thin  band  of  shale  carry- 
ing Chonetes  verneulianus  and  the  underlying  black  slate  and 
black  limestone  are  excellently  developed.  The  beds  are  also 
seen  along  Clanton  creek. 

The  Winterset  limestone  has  been  noted  in  describing  the 
preceding  sections.  It  is  best  exposed  in  and  near  Winterset 
and  along  Middle  river  southwest  of  the  county  seat.  The 
beds  above  it  and  below  the  Fusulina  limestone  are  of  partic- 
ular interest  because  of  the  abundance  and  perfection  of  the 
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length  of  the  individuals  under  consideration  is  about  the 
same  as  that  of  average  specimens  from  Montgomery  county 
and  other  localities  where  the  normal  condition  prevails,  but 
the  diameter  is  less  than  half  that  of  average  specimens  in 
southwestern  Iowa.  Farther  west,  in  Nebraska  and  neigh- 
boring states  and  at  a  slightly  higher  horizon,  the  form 
described  as  Fu8ulina  venti^icosa  occurs.  The  forms  at  Winter- 
set  constitute  an  interesting  term  in  the  series  showing  that 
this  Carboniferous  Foraminifer,  after  its  introduction  in  the 
lower  part  of  the  Missourian  stage,  became  progressively 
more  and  more  robust  until  its  disappearance  in  the  so-called 
Permo-Carbonif  erous  of  Nebraska  and  Kansas.  The  Fusulina 
limestone  at  the  Backbone  shows  the  following: 

3.     Limestone,  with  many  Fusulina 2 

2.     Limestone,  thin  bedded 13 

I.  Limestone,  massive  ledge  very  full  of  Fusulina 3 

At  some  points  in  the  vicinity  this  member  attains  a  thick- 
ness of  twenty-five  feet.  The  lower  ledge  especially  seems 
to  be  very  constant  in  character,  and  the  great  abundance  of 
the  Fusulina  here  as  compared  with  their  number  in  the  lower 
members  of  the  Bethany  makes  the  bed  easily  recognized. 

As  has  already  been  suggested  the  upper  portions  of  the 
Bethany  are  not  exposed  over  the  eastern  portion  of  the 
county.  At  Tileville  (Tp.  76  N.,  R.  XXVII  W.,  Sec.  27,  Ne. 
qr.,  Sw.  i),  in  a  ravine  running  down  to  Cedar  creek,  the 
lower  portion  of  the  Bethany  is  shown  as  given  in  the 
following  section. 

TBIT.  INCHK8. 

14.    Limestone,  shaly,  gray 8 

13.     Unexposed. - 6 

12.    Limestone,  in  thin  layers 4 

II.  Shale,  clayey 6 

10.  Limestone,  bluish,  dense 1  2 

9.  Shale,  clayey,  in  places  sandy 1  2 

8.  Sandstone,  calcareous 4 

7.  Shale,  clayey,  dark  blue 2  3 

6.  Coal 1 

5.  Shale,  clayey - 3 

4.  Shale,  red  and  yellow 1  6 

3.  Shale,  sandy,  gray,  with  reddish  layer 24 

2.  Sandstone,  calcareous 2  3 

1.  Not  exposed  to  Cedar  creek 57 
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The  limestones  numbers  12  and  10  probably  represent  the 
base  of  the  Bethany.  They  are  not  particularly  fossiliferous 
and  the  whole  section  is  slightly  out  of  harmony  with  the 
stratigraphy  of  the  neighborhood.  .  The  lack  of  good  expos- 
ures for  the  present  prevents  the  tracing  of  the  beds  to  their 

equivalents. 

PLEISTOCENE  DEPOSITS. 

Over  the  limestones  of  the  Missourian  and  the  shales  and 
sandstone  of  the  Des  Moines  are  the  bowlder  clays,  sands  and 
loess  deposits  which  mark  the  action  of  the  Pleistocene  gla- 
ciers. The  most  notable  fact  with  reference  to  these  beds, 
as  compared  with  the  corresponding  deposits  of  the  neighbor- 
ing regions,  is  their  exceptional  thinness.  There  are  regions 
of  thick  drift,  but  they  are  unusual,  particularly  in  the  west- 
ern and  northwestern  portion  of  the  county,  where  the  thin- 
ness of  the  drift  becomes  striking.  In  some  portions  of  the 
county,  as  near  Winterset,  and  between  that  point  and  Peru, 
the  topography  is  strikingly  like  that  of  a  drif tless  area.  The 
same  is  true  to  a  less  extent  of  the  region  between  Winterset 
and  Earlham.  The  level  divides,  the  canyon-like  valleys,  and 
the  absence  of  the  long,  gentle  slopes  so  common  in  the  drift- 
covered  regions,  all  recall,  in  their  general  aspect,  the  areas 
from  which  drift  is  absent.  The  frequent  and  abundant 
presence  of  residual  clays  tends  to  heighten  the  delusion.  In 
the  quarries  at  Earlham,  and  to  an  almost  equal  extent  at 
Winterset,  such  clays  are  quite  common.  The  red  to  reddish 
brown  sticky  clay  which  has  resulted  from  the  secular  decay 
of  the  limestone,  is  found  penetrating  far  down  into  the  joint 
cracks  and  resting  upon  the  upper  surface  of  the  rock.  When 
shale  forms  the  upper  member  of  the  rock  series,  the  residual 
material  is  not  so  noticeable,  though  disintegrated  shale, 
grading  on  the  one  hand  into  drift,  and  on  the  other  into  the 
undecom posed  and  undisturbed  material,  may  be  noted  in  the 
quarries  of  the  Earlham  Land  Co.  and  at  other  points.  The 
presence  of  the  geest  and  undisturbed  shale  attest  the  feeble- 
ness of  the  glacial  action.     The  ice  crept  in  over  the  country. 
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with  almost  no  scouring  effect.  In  contrast  with  its  behavior 
in  some  other  portions  of  the  country  it  produced  here  very 
little  erosion.  Its  action  was  rather  that  of  deposition. 
Nevertheless,  in  the  deeper,  sharp- walled  valleys  which  the 
glaciers  crossed,  there  seems  to  have  been  comparativelj' 
little  drift  deposited.  Probably  the  relative  narrowness  of 
the  valleys,  their  abrupt  walls,  and  their  position  approxi- 
mately at  right  angles  to  the  major  motion  of  the  glaciers, 
caused  them  to  be  filled  with  comparatively  stationary  ice, 
while  the  main  ice  stream  passed  over  their  tops. 

The  deposits  within  the  county  include  representatives  of 
the  Kansan  drift,  the  loess  and  the  alluvium.  While  the  older 
Albertan  or  Sub-Aftonian  ice  sheet  probably  crossed  the 
county,  the  deposits  left  by  it  have  not  so  far  been  recognized. 

KANSAN    DRII'T'. 

The  Kansan  drift  is  quite  generally  distributed  throughout 
the  county  and  is  exposed  along  most  of  the  streams.  The 
lower  part  consists  of  a  compact  blue  clay  with"  small  water- 
worn  and  flattened  pebbles  scattered  through  it.  Where  the 
ravines  have  been  cut  down  into  this  clay  these  pebbles  have 
often  worn  pot-holes,  giving  the  otherwise  smooth  and 
rounded  exposures  a  pitted  appearance.  This  lower  clay  is 
best  seen  in  the  southeastern  part  of  the  county,  especially 
southeast  of  Truro. 

Above  the  blue  clay  is  a  yellowish  brown  layer  usually  two 
to  four  feet  thick.  In  places  it  is  much  thicker.  It  seems  to 
have  been  derived  from  the  blue  clay, the  change  in  color  result- 
ing from  the  oxidation  of  the  iron  content.  The  clay  contains 
numerous  pebbles  and  bowlders.  The  latter  consist  largely 
of  greenstone,  granite  and  reddish  quartzite,  and  lighter 
quartz  rocks.  These  are  rounded,  smoothed  and  often  well 
striated.  Sioux  quartzite  is  one  of  the  most  common  rocks 
found  in  the  drift.  A  block  of  this  material  is  represented  in 
figure  78.  This  bowlder  is  located  a  mile  north  of  Patterson 
and  measures  ten  feet  long,  six  feet  wide  and  five  feet  high. 
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as  exposed.  Such  large  bowldet-s  are  uncommon,  but  are 
occasionally  found  in  the  stream  waj^s.  Bowlders  ordinarily 
are  not  found  on  the  upland.  It  is  only  where  the  streams 
have  cut  through  the  loess  that  they  arppear. 

Stratified  sandy  material  is  occasionally  found  in  the  drift. 
In  general  it  seems  to  have  resulted  from  the  reworking  of 
the  drift  itself,  rather  than  to  have  been  originally  deposited 
in  its  present  form.  Such  beds  are  found  near  Barney  (Wal- 
nut township,  section  35)  thirty-five  feet  thick.    Near  Macks- 
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burg,  on  Grand  river  (Tp.  74  N.,R.  XXIX  W.,  See.  28,  Nw.  qr., 
Nw.  i)  there  is  a  thirty  foot  exposure  of  the  same  material. 


Tbe  loess  is  the  surface  deposit  throughout  tbe  county.  It 
spreads  over  upland  and  extends  down  into  the  valleys.  It  is 
everywhere  present  except  where  it  has  been  cut  away  by 
recent  erosion  or  buried  beneath  the  alluvium.  It  is  a  light 
yellowish  to  buff,  unstratified,  pebbleless  clay,  which  is  highly 
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siliceous.  Where  it  forms  the  surface  the  upper  few  inches 
are  blackened  by  the  admixture  of  humus.  Elsewhere  the 
buff  color  obtains.  It  frequently  contains  the  calcareous  con- 
cretions known  as  loes^-kindchen. 

There  are  two  phases  of  the  loess  in  the  county.  The  upper 
is  the  one  just  described.  Below  it  is  frequently  a  darker 
portion,  more  clayey,  less  porous  and,  as  contrasted  with  the 
upper,  unfosiliferous.  So  far  as  observed  this  lower  loess  is 
characteristically  free  from  lime  nodules.  In  the  northwest- 
ern portion  of  the  county  it  forms  the  subsoil  and  is  in  places 
troublesome  because  of  its  impervious  character.  The  two 
phases  may  be  seen  at  the  Mardis  brickyard,  a  mile  east  of 
Winterset  (Tp.  76  N.,  R.  XXVII  W.,  Sec.  32),  and  the  line  of 
separation  seems  to  be  properly  correlated  with  the  old  soil 
seen  in  the  railway  cut  at  Churchville.  A  similar  division  of 
the  loess  into  two  phases  has  been  observed  in  Warren  county.* 
It  is  to  be  noted  that  the  lower  portion  corresponds  in  charac- 
ter to  the  white  clays  of  Ohio  as  described  by  Leverett,  and 
the  two  phases  may  not  improbably  stand  for  a  real  and  con- 
•iderable  difference  in  the  age  of  the  deposits. 

ALLUVIUM. 

Alluvium  is  present  along  most  of  the  streams  of  the  region, 
but  is  most  pronounced  along  the  larger  ones.  It  lies  as  a 
wash  over  the  loess  and  drift  which  partially  fills  the  old  val- 
leys, and  in  places  attains  a  considerable  thickness.  West  of 
the  Winterset  escarpment  it  is  not  so  clayey  as  east  of  that 
line.  Its  greatest  development  is  in  the  broader  valleys  cut 
in  the  Des  Moines  shales  and  coal  measures.  Along  Middle 
river,  south  and  west  of  Winterset,  there  is  a  well  defined 
terrace  rising  eighteen  feet  above  the  flood  plain.  This  seems 
to  be  an  older  flood  plain  or  terrace  of  aggregation.  Traces 
of  similar  terraces  are  found  along  certain  of  the  other 
streams  in  the  county. 

*Iowa  Qeul.  Surv.,  toI.  V,  pp.  318-356.    1696. 
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ECONOMIC  PRODUCTS. 

Building  Stones. 

Madison  county  is  well  supplied  With  stone  suitable  for 
various  constructional  purposes.  The  Bethany  limestone 
includes  nearly  eighty  feet  of  stone,  most  of  which  is  availa- 
ble for  one  purpose  or  another.  It  is  exposed  in  the  ravines 
over  much  of  the  county  and  good  quarry  sites  abound.  As  a 
rule  but  little  stripping  is  required. 

As  will  be  seen  from  the  general  section  already  given  there 
are  four  main  bodies  of  limestone,  designated  respectively 
from  the  base  to  the  top:  (a)  Fragmental,  (b)  Earlham,  (c) 
Winterset  quarry,  (d)  Fusulina.  The  general  distribution  of 
these  beds  has  been  already  noted.  Their  varying  thickness 
may  be  learned  from  the  sections  given.  In  general  it  may 
be  said  that  they  are  thicker  to  the  southwest.  Some  instances 
of  their  variation  in  this  particular  have  been  given.  Each 
of  the  four  members  is  capable  of  yielding  good  quarry  rock 
at  some  point  in  the  county,  but  not  all  are  equally  good  at 
all  points. 

The  Fragmental  rock  is  best  seen,  and  is  exposed  in  its 
greatest  thickness,  at  the  Backbone  mill,  where  it  forms  the 
ledge  over  which  the  water  falls.  At  this  point  about  nine 
feet  of  the  rock  is  shown  with  only  one  important  shale  part- 
ing. The  rock  seems  firm  and  should  yield  large  blocks,  but 
in  view  of  its  known  character  elsewhere  in  the  county  it  is 
to  be  received  with  suspicion.  In  general  the  rock  is  very 
loosely  cemented  and  breaks  down  readily  into  small  nodular 
fragments. 

The  Earlham  ledges  are  the  most  quarried.  They  yield  a 
good  grade  of  stone  suitable  for  dimension  work,  rubble  and 
concrete.  When  quarried,  the  Earlham  is  usually  unpro- 
tected by  overlying  ledges  and  hence  has  been  long  exposed 
to  weathering.  As  a  result  it  is  frequently  badly  broken  up 
and  creates  a  less  favorable  impression  than  the  real  merits 
of  the  stone  warrant. 


CRUSHED  STONE  INDUSTRY.  525 

The  Winterset  quarry  beds  include  those  worked  near  Win- 
terset  and  from  which  the  stone  used  in  the  court  house  at 
that  point  was  obtained.  Their  high  quality  is  sufficiently 
attested  by  the  excellent  appearance  of  that  building.  The 
rock  here  used  was  taken  from  the  Bevington  quarry  (Tp.  75 
N.,  R.  XXVIII  W.,  Sec.  22),  and  certain  of  the  layers  tested 
at  the  Rock  Island  arsenal  in  1881  showed  a  crushing  strength 
of  4,588  pounds  per  square  inch.  The  specific  gravity  of  the 
rock  was  2.73  and  the  ratio  of  absorption  .042603.  Stone 
from  these  beds  rarely  reaches  the  market  at  present,  as  the 
quarries  have  not  been  opened  up  except  at  Winterset  and  it 
requires  a  long  haul  over  hilly  roads  to  reach  the  railway  at 
this  place. 

The  Fusulina  limestone  is  best  exposed  at  the  Backbone 
and  seems  capable  of  yielding  excellent  stone.  At  this  local- 
ity compact  ledges  two  and  one-half  to  three  feet  in  thick- 
ness may  be  obtained.  Farther  southwest  the  member  attains 
a  thickness  of  twenty-five  to  thirty  feet.  At  Peru  in  the 
Reed  quarry  about  fifteen  feet  are  found.  The  stone  here  is 
thinner  bedded  than  in  the  western  outcrops. 

In  the  main  the  quarry  industry  is  concentrated  around  three 
points,  Earlham,  Winterset  and  Peru.  The  first  has  the  advan- 
tage of  location  on  the  main  line  of  the  Chicago,  Rock  Island  & 
Pacific  railway,  with  a  down  grade  haul  of  about  thirty  miles  to 
Des  Moines.  As  a  result  considerable  quantities  of  stone, 
mainly  crushed  for  concrete  work,  are  marketed  in  the  capital 
city.  Winterset,  on  a  branch  line  of  the  same  road,  is  farther 
from  market  and  suffers  the  disadvantage  of  less  favorable 
freight  rates.  The  quarries  now  open  near  this  city  are  not  so 
well  located  for  connecting  with  the  railway  as  at  Earlham, 
but  if  the  projected  road  southwest  from  Winterset  be  built, 
many  excellent  quarry  sites  will  become  available,  and  a  large 
amount  of  stone  can  be  placed  on  the  market.  At  Peru  and 
Barney  the  quarries  are  located  near  the  Chicago  Great  West- 
em  but  have  no  track  facilities,  so  that  a  short  wagon  haul  is 
necessary.     The  stone  now  quarried  at  Peru  is  so  high  in  the 

42  G.  Rep. 
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bluffs,  seventy-four  feet  above  the  station,  that  a  track  to  the 
quarries  would  not  be  practicable.  The  lower  (Earlham)  ledges 
occur  not  far  above  the  level  of  the  track,  but  to  open  them 
up  it  would  be  necessary  to  work  out  the  overlying  ledges  as 
well.  This  would  require  considerable  stripping  and  the 
handling  of  all  the  shales  between  the  various  ledges.  It  is 
doubtful  whether  such  work  would  pay,  certainly  not  without 
ample  capital  and  an  extensive  plant.  For  the  present  only 
the  best  ledges  can  be  marketed,  as  the  poorer  stone  will  not 
warrant  the  wagon  haul  and  must  be  thrown  on  the  dumps. 

At  Barney  the  Great  Western  track  is  more  than  fifty  feet 
higher  than  at  Peru,  and  west  of  there  it  ascends  to  the  top 
of  the  bluff.  About  two  miles  east  of  Barney  the  Winterset 
rock  has  been  cut  through  by  the  road,  and  in  the  bank  of  Clan- 
ton  creek  the  Earlham  layers  are  exposed.  Quarries  could  be 
opened  here  with  the  minimum  of  track  expense  and  with 
very  little  stripping.  While  the  rock  exposed  is  not  to  any 
great  extent  suitable  for  dimension  stone  it  is  excellently 
adapted  for  concrete,  and  a  considerable  amount  of  rubble 
could  be  obtained.  Some  dimension  rock  is  exposed,  and  it 
seems  probable  that  the  Winterset  beds,  which  are  mainly 
talus-covered,  would  warrant  opening. 

EARLHAM  DISTRICT. 

Robertson  quarry. — When  the  state  capitol  was  being  built 
at  Des  Moines  the  limestone  around  Earlham  was  opened  up 
at  a  number  of  points.  The  principal  of  these  old  quarries 
was  located  northeast  of  Earlham  on  Bear  creek.  They  have 
long  since  been  abandoned, [and  ledges  nearer  the  main  line  of 
the  Chicago,  Rock  Island  &  Pacific  railway  are  now  worked. 
The  rock  as  seen  in  some  of  the  older  workings  on  the  north 
side  is  shown  in  plate  ix.  The  main  quarrying  is  now,  how- 
ever, carried  on  on  the  south  side. 

A  section  near  the  middle  of  the  quarry  shows  the  following: 

FKBT.  IKCHES. 

9.    Stripping 10 

8.     Limestone,  soft,  disintegrated,  with  geest  in 

the  crevices 4 


ROBERTSON    QUARRY. 


7.  LimeBloae,  compact,  msABive,  bluish 1  6 

6.  Sh&le,  drab,  caloareoua 4 

5.  Limestone,  compact, bluish,  in  thin  ledges..    3 

4.  Shale,  bluiah,  with  very  maDj  CbooeUs  rer- 

aeuliaaus  . 4 

3.  Limestone,  compact,  blue 2 

2.  Shale,  blue,  calcareouB ^    1 

1.  Limestone,  ashen,  thick  to  thin  layers 10 

But  little  dimension  rock  is  taken  from  the  quarry.     Some 
of  the  atone  is  used  for  foundation  and  retaining  walls,  but 


Fio.  TO.   A  portlOD  of  tbo  RobertsoD  quarry  east  o(  Bitrl bam,  ■bowing  atypical  exposan  ol 


larlham  llmesto 


most  of  it  is  crushe^.  The  stripping  is  done  by  hand.  Very 
little  blasting  is  necessary  to  loosen  the  rock.  The  stone  is 
hauled  to  the  crusher  in  tram  cars  of  about  one  cubic  yard 
capacity,  and  hoisted  and  dumped  by  tail  rope.  The  plant 
includes  a  forty-horse  power  steam  plant,  one  Gates  crusher, 
elevator  and  revolving  screen.      The  screen   takes  out  all 
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material  less  than  three-eighths  inches  in  diameter,  the  fine 
material  being  used  by  the  railway  for  yard  filling  at  Valley 
Junction.  The  coarser  rock  is  used  mainly  for  concrete  at 
Des  Moines,  and  brings  $1.30  per  yard.  The  plant  has  a 
capacity  of  about  200  yards  per  day. 

Earlham  Land  Co.— The  quarries  of  this  company  are 
located  south  of  town,  in  the  valley  of  North  river,  and  are 
illustrated  in  plate  x.  As  has  already  been  stated,  the  beds 
opened  up  are  the  equivalents  of  those  found  at  the  Robert- 
son quarry.  There  is,  however,  an  overlying  shale  not  found 
at  the  latter  place. 

The  rock  is  cut  by  a  series  of  joints,  some  of  which  have 
spread  till  there  is  an  open  space  of  as  much  as  seven  inches. 
These  crevices  are  sometimes  filled  by  stalactitic  matter, 
which  usually  coats  merely  the  sides,  but  in  places  the 
crevices  are  completely  filled.  The  presence  of  the  joints  and 
bedding  planes  makes  the  quarrying  easy,  and  very  little 
powder  is  used.  As  at  the  Robertson  quarry  most  of  the 
rock  is  crushed,  though  some  good  dimension  stone  could  be 
obtained.  The  crushing  plant  includes  a  Gates  crusher,  tail 
rope,  screens  and  steam  plant.  The  capacity  is  150  to  200 
cubic  yards  per  day,  and  the  quarry  employs  about  thirty 
men.  The  output  is  shipped  on  a  switch  from  the  Chicago, 
Rock  Island  &  Pacific  railway. 

Nevitt  quarry. — This  is  a  local  quarry  opened  some  years 
since  a  mile  southeast  of  Earlham.  It  supplies  an  important 
local  trade. 

Eureka  quarry. — This  quarry,  formerly  known  as  the  McGk)r- 
risk,  is  a  mile  and  a  half  south  of  Earlham  (Tp.  77  N.,  R. 
XXIX  W.,  Sec.  18,  Nw.  qr.,  Se.  i).    It  is  not  worked  at  present, 

WINTERSET    DISTRICT. 

There  are  numerous  quarries  in  and  near  Winterset,  though 
none  are  very  extensively  worked  at  present.  The  Clark 
quarry  north  of  town  (Tp.  76  N.,  R.  XXVIII  W.,  Sec.  25),  is 
opened  in  the  Earlham  beds.     In  the  southeastern  portion  of 
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the  city  both  the  Winterset  and  the  Earlham  beds  have  been 
opened  up.  In  the  city  quarries  the  former  ledges  show  about 
fifteen  feet  of  rock.  The  lower  courses  may  be  used  for 
dressed  stone,  though  they  are  not  easily  quarried  nor  are 
they  generally  worked.  Good* rubble  and  crushing  stone  is 
abundant.  On  the  Arnold  place  the  Earlham  stone  has  been 
opened  up,  and  was  for  some  years  burned  into  lime  at  the 
Cooley  kiln.  South  of  Winterset  the  Brown  quarry  (Tp.  75  N. , 
R.  XXVIII  W.,  Sec.  1,  Sw.  qr.,  Se.  i)  was  reopened  in  1893, 
and  has  since  furnished  considerable  curbing  stone.  The  old 
Kipp  quarry,  near  by,  is  not  now  worked.  Extensive  quarries 
were  formerly  worked  in  the  Winterset  beds  about  a  mile 
farther  south  (Tp.  75  N.,  R.  XXVIII  W.,  Sec.  12,  Nw.  qr.).  It 
was  from  these  quarries  that  a  portion  of  the  stone  for  the 
court  house  was  taken.  The  pillars  and  much  of  the  cut 
stone  came  from  the  Backbone  quarries  (Tp.  75  N. ,  R.  XXVIII 
W.,  Sec.  16,  Ne.  qr.,  Se.  i).  The  section  at  this  point  has 
already  been  given  in  connection  with  the  description  of  the 
limestone. 

At  the  Backbone  the  heavy  ledge  at  the  base  of  the  Fusu- 
lina  limestone  is  well  shown.  It  is  known  to  the  quarrymen 
as  the  magnesian  ledge,  though  several  different  ledges  in 
various  parts  of  the  county  are  confused  under  that  term.  It 
yields  an  excellent  grade  of  stone.  Higher  portions  of  the 
Fusulina  limestone  are  exposed  in  sections  22  and  23  of  Web- 
ster township.  It  seems  probable  that  the  Fusulina  stone, 
when  properly  opened  up,  will  be  found  to  yield  some  of  the 
best  rock  in  the  county. 

PERU  DISTRICT. 

In  the  tops  of  the  hills  at  Peru  the  Fusulina  rock  crops  out 
and  is  quarried  at  several  points  on  the  west  side  of  the 
stream.  At  the  Reed  quarry  from  ten  to  fifteen  feet  of  stone 
are  found,  it  being  for  the  most  part  fine-grained  and  breaking 
with  a  conchoidal  fracture.  The  lower  portion,  four  to  five 
feet  thick,  is  heavily  bedded  and  shows  some  twelve  to  four- 
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teen-inch  stone.  Above  this  heavy  stone  is  a  six-inch  bed  of 
shale  over  which  is  a  thinner  bedded,  much  jointed  rock.  It 
furnishes  four,  six,  eight  and  some  twelve-inch  stone.  Some 
of  the  rock  is  fine-grained  and  of  almost  lithographic  texture, 
but  is  too  much  cracked  and  seamed  to  be  of  value  for  dimen- 
sion work. 

The  lower  beds,  including  the  Winterset,  Earlham  and 
Fragmental,  have  not  been  opened  up,  though  they  show  in 
the  hills.  About  two  miles  east  of  Barney  the  Winterset  rock 
has  been  cut  into  by  the  railway,  though  the  lodges  are  now 
largely  covered  with  talus.  The  blocks  exposed  show  thick- 
nesses of  six  and  eight  inches.  Below  the  limestone  (1,020 
A.  T.)  the  usual  black  shale  is  exposed.  Along  the  creek 
near  by,  at  the  proper  level  below  this  shale,  the  Earlham 
beds  are  shown  and  exhibit  the  following  section: 

FBET.  INCHES. 

4.  Limestone,  thin,  shaly,  grading  into  calcare- 
ous shales 4 

3.  Limestone,  coarse,  made  up  of  shell  frag- 
ments, rather  heavily  bedded,  ranges  up 
to  fourteen-inch  rock,  good  quality 6 

2 .    Shale,  calcareous,  gray,  Cbooetes  verneulianns 

abundant,  Spin/cfr  camcrAtas  rare  .... 6 

1.  Limestone,  thin  and  irregularly  bedded, 
»  ledges  of  six  inches  and  less,  stone  appar- 
ently argillaceous,  with  dull  earthy  frac- 
ture; carries  Cbonetea  vernealianas,  Spir- 
ifer  cameratus,  Productus  nebrascensisy 
Producius  costatus,  Productus  cora,  Atby- 
ris  subtilitaj  Mcckella  striatacostata  and 
corals;  ledges  capped  by  a  ten-inch  layer 
of  coarse  gray  rock  made  up  of  finely 
comminuted  shells 6 

The  only  quarry  in  the  vicinity  is  that  of  Mr.  Irains,  where 
about  five  feet  of  stone  suitable  for  dimension  work  is  obtained 
with  very  little  stripping.  In  Mr.  Irains'  house,  built  of  the 
product  of  this  quarry,  the  good  qualities  of  the  stone  may 
be  seen. 
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ST.  CHARLES-TRURO   DISTRICT. 

Near  St.  Charles  the  thin  ledges  of  the  Fragmental  rock 
already  described  are  quarried  locally.  The  total  thick- 
ness of  stone  is  about  two  and  one  half  feet,  the  ledges  running 
from  four  to  six  inches.  Thicker  ledges  probably  occur 
higher  in  the  hill,  but  have  not  been  opened  up.  The  quarries 
at  St.  Charies  marketed  last  year  about  thirty  perch  of  stone 
at  75  cents  a  perch.  Equivalent  ledges  have  been  opened 
southwest  of  St.  Charles. 

Road  MateriaL 

The  matter  of  good  roads  is  deservedlj^  attracting  attention 
within  the  county.  The  considerable  portion  of  the  area  not 
reached  by  railway  lines  makes  wagon  hauling  more  than 
usually  important.  To  reach  a  market  or  to  go  to  the  county 
seat,  requires  in  many  cases  a  drive  of  ten  to  twenty  miles. 
A  portion  of  this  drive  is  almost  certain  to  be  over  very  rough 
roads.  The  distribution  of  the  drainage  and  the  resultant 
configuration  of  the  topography  causes  the  north  and  south 
roads  of  the  eastern  and  central  portion  of  the  county  to  be 
necessarily  rough.  The  considerable  relief  and  the  flat  topog- 
raphy of  the  uplands  make  steep  grades  at  the  river  crossings 
almost  unavoidable.  The  gi-ades  could  be  much  bettered  if 
the  roads  had  been  located  with  reference  to  the  topography 
rather  than  the  land  lines,  but  here,  as  was  usual  in  the  Mis- 
sissippi valley,  the  necessity  for  wholesale  methods  in  the 
rapid  settling  of  the  country  made  deliberation  impossible, 
and  it  must  be  the  work  of  the  future  to  correct  some,  at  least, 
of  the  mistakes  of  the  past. 

The  east- west  roads  chancing  to  follow  drainage  lines  or 
the  interdigitate  divides,  have  in  the  main  avoided  steer 
grades.  Some  of  the  principal  lines  of  travel  are,  so  far  ass 
this  factor  is  concerned,  excellently  located.  The  north-south 
roads  of  the  extreme  western  portion  of  the  county  have  also, 
in  general,  relatively  few  steep  grades.  It  is  not,  however, 
altogether  a  matter  of  grades  that  is  provoking  here,  as  else- 
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where,  a  good  roads  agitation.  The  character  of  the  roadway, 
be  the  grade  ever  so  good,  may  be,  and  often  is,  so  bad  as  to 
make  the  road  quite  impracticable  at  certain  seasons.  During 
good  weather  the  roads  are  beaten  hard,  and  in  time  are  worn 
smooth ;  but  in  the  spring,  when  the  frost  leaves  the  ground, 
many  of  the  roads  can  be  traversed  only  with  the  lightest 
loads.  This  condition  obtains  on  some  of  the  poorer  roads 
almost  the  year  round.  The  stiff  undersoil  of  the  loess  on  the 
uplands,  the  blue  clay  of  the  till,  the  geest,  and  much  of  the 
alluvium,  all  of  which  enter  largely  into  the  material  forming 
the  surface  of  the  roadways,  are  predominantly  impervious. 
They  are  usually,  also,  notably  plastic.  They  prevent  free 
drainage,  and  yet  form  a  surface  of  black,  sticky  mud  which 
adds  greatly  to  the  traction. 

The  improvement  of  the  roads  will  necessitate,  aside  from 
the  matter  of  location,  adequate  drainage  and  surfacing  with 
road  metal.  More  care  in  the  building  of  the  roadways  so  as  to 
provide  the  necessary  drainage  is  perhaps  the  first  requisite. 
For  road  material  the  main  reliance  must  be  the  limestone. 
Gravel  beds  of  any  importance  have  not  been  found  in  the 
county  and  probably  do  not  occur,  since  the  Wisconsin,  the 
main  gravel-forming  ice  sheet,  did  not  reach  so  far  south  as 
either  to  enter  the  county  or  cross  the  headwaters  of  its 
streams.  The  earlier  gravel-forming  period  which  followed 
the  pre-Kansan  drift  has  left  no  traces  in  the  county  so  far  as 
can  be  discovered.  The  streams  have  not,  by  their  own  work, 
accumulated  gravel  beds  to  any  considerable  extent. 

Limestone,  however,  occurs  abundantly  throughout  most  of 
the  county.  Some  of  the  worst  roads  are  along  the  foot  of 
limestone  cliffs.  Rock  could  be  obtained  along  most  of  the 
main  roads  readily  and  cheaply.  It  has  already  been  used  to 
a  limited  extent  with  excellent  results.  It  is  crushed  in  large 
quantities  for  the  Des  Moines  market,  being  used  for  con- 
crete, and  is  excellently  adapted  for  macadam. 

In  stone  for  macadam  two  qualities  are  important:  First,  it 
must  be  sufficiently  hard  to  resist  too  great  wear,  and  Second, 
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it  must  be  of  such  a  nature  that  it  will  cement  rapidly.  The 
matter  of  hardness  is  relative  only.  Rock  used  in  pavements 
exposed  to  continuous  wear  under  heavy  loads,  must  be  able 
to  resist  considerable  crushing  strains;  but  for  country  roads, 
where  the  wear  is  relatively  slight,  this  factor  is  of  less 
importance.  The  limestone  of  the  county,  while  it  will  of 
course  crush  under  the  wheels  and  will  ultimately  wear  out,  is 
not  apt  to  prove  particularly  troublesome  in  that  regard. 

A  macadam  pavement  derives  its  good  qualities  from  the 
fact  that  the  stone,  under  the  roller  or  the  wheels  of  traffic, 
breaks  up  and  yields  a  fine  dust,  which  with  water  forms  a 
cement,  binding  the  whole  together.  In  effect  a  macadam 
pavement  is  a  cheap  concrete  in  which  the  bond  is  derived 
from  the  finer  portions  of  the  crushed  rock.  Not  all  stone, 
not  even  all  limestone,  will  furnish  a  dust  which  has  the 
requisite  cementing  properties.  In  some  cases  it  has  proven 
necessary  to  cover  a  macadam  roadway  with  a  thin  surface  of 
crushed  iron  or  other  material  in  order  that  the  whole  should 
be  made  to  set.  The  limestone  found  in  Madison  county  needs 
no  such  surface  material.  It  is  quite  pure  and  dissolves  under 
the  action  of  surface  water  with  relative  rapidity.  The  dis- 
solved material  is  frequently  redeposited,  not  far  from  the 
point  of  solution,  in  the  form  of  stalactitic  matter.  As  was 
noted  in  the  description  of  the  quarry  of  the  Earlham  Land 
Co.,  this  redeposition  is  locally  important.  The  redeposited 
stalactitic  matter  forms  a  firm  cement,  holding  together  any 
pieces  of  rock  which  may  be  imbedded  in  it.  Upon  the  road- 
way an  analogous  process  takes  place,  and  under  proper  con- 
ditions the  recemented  rock  will  form  a  firm  and  durable 
pavement. 

The  amount  of  stone  necessary  for  coverings  a  roadway  will 
vary  somewhat  with  the  conditions  as  to  foundation,  grade, 
traffic,  etc.  Upon  a  properly  drained  and  rolled  foundation 
six  inches  of  stone  should  be  ample  for  most  of  the  roads  of  the 
county.  Upon  this  basis  about  1,500  yards  per  mile  would  be 
necessary  for  a  roadway  fifteen  feet  wide.     Stone  is  now  being 
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furnished  in  Des  Moines  at  $1.30  per  yard,  but  this  price  could 
be  very  materially  lessened  in  case  the  county  crushed  its  own 
stone.  The  expense  of  grading  and  rolling  the  foundation, 
with  that  of  delivering  and  spreading  the  stone  would  vary  with 
the  locality.  In  New  Jersey  certain  roads  are  costing  about 
$3,000  per  mile.  It  is  probable  that  the  main  roads  of  Madi- 
son county  could  be  improved  at  an  average  amount  consid- 
erably less  than  that  sum;  perhaps  $1,000  to  $1,500  could  be 
taken  as  a  fair  estimate.  To  obtain  the  best  results  the  work 
would  need  to  be  carried  on  according  to  a  systematic  plan, 
so  that  the  work  done  each  year  should  be  a  permanent 
improvement — a  part  of  a  single  larger  piece  of  work.  The 
road  work  now  carried  on  is  essentially  of  a  makeshift  char- 
acter. If  to  the  amount  of  the  road  tax  now  annually 
expended  were  to  be  added  the  aggregate  cost  of  break- 
downs, undue  wear  on  horses  and  vehicles,  loss  of  time  due 
from  the  light  loads  hauled,  and  losses  due  to  inability  to 
market  produce  rapidly  when  prices  are  most  favorable,  the 
relative  cost  of  present  and  improved  roadways  would  appear 
in  the  reverse  of  their  present  order. 

Lime.  ^ 

The  limerock  found  in  the  county  can  be  burned  to  a  lime, 
but  the  quality  of  the  latter  is  not  of  the  best.  Curiously 
enough  it  is  not  the  purest  limestones  which  make  the  best 
lime,  but  those  which  contain  a  certain  percentage  of  mag- 
nesia— the  dolomites  and  magnesian  limestones.  For  the 
most  part  the  limestones  of  the  county  contain  little  magnesia. 
The  lime  formed  from  it  is  white,  but  is  quick  and  heats  rap- 
idly. In  slacking  it  must  be  handled  very  carefully  and  an 
abundance  of  water  kept  on  hands.  Lime  was  formerly  burned 
at  Winterset,  Peru,  in  section  32  of  Jeflferson  township,  and 
section  9  of  Madison  township.  At  present  there  are  no 
kilns  in  operation,  and  it  is  quite  unlikely  that  kilns  will  ever 
be  established  except  for  local  trade. 
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Clays. 

The  abundance  of  stone  and  the  nearness  of  the  large  brick 
works  at  Van  Meter  and  Des  Moines  have  prevented  the  devel- 
opment of  any  important  clay  industry  in  the  county.  The 
loess,  which  is  everywhere  present,  and  most  of  the  allu- 
vium found  along  the  streams  could  easily  and  cheaply  be 
made  up  into  standard  building  brick.  Only  the  simplest 
processes,  those  of  the  hand  yard,  would  be  necessary.  Much 
of  the  loess  could  be  made  to  yield  better  grades,  including 
stock  and  face  brick,  if  treated  either  as  a  stiflf-mud  or  on  a 
dry-press.  In  the  eastern  portion  of  the  county  where  the 
Des  Moines  formation  crops  out,  shales  suitable  for  a  consid- 
erable variety  of  products  occur.  So  far  they  have  not  been 
utilized,  the  only  brick  now  manufactured  in  the  county  being 
made  from  top  soil  and. loess. 

At  Winterset  there  are  two  brickyards,  both  without  machin- 
ery. The  T.  F.  Mardis  yard  is  one  mile  east  of  town  (Tp.  76  N., 
R.  XXVI W. ,  Sec.  32).  Two  kilns  of  100,000  to  150,000  capacity 
are  ordinarily  burned  each  season.  In  addition  to  brick  of 
the  usual  size,  brick  twelve  inches  long  are  turned  out. 
Southwest  of  town  (Tp.  75  N.,  R.  XXVIII  W.,  Sec.  1)  is  the 
brickyard  of  W.  D.  and  Joel  Clark.  They  maintain  two 
up-draft  kilns  of  25,000  capacity  each  for  burning  brick.  At 
Earlham  small  quantities  of  hand-made  brick  have  been  made 
from  the  loess. 

The  wide  distribution  of  the  loess  and  the  ease  with  which 
it  can  be  worked  up  into  brick  and  draintile  upon  the  inex- 
pensive auger  machines,  would  seem  to  warrant  investment 
in  a  plant.  The  stronger  under  loess  which  has  given  trouble 
in  the  hand  yards  will  be  found  excellently  adapted  to  the 
manufacture  of  drain  tile,  though  it  must  not  be  dried  too 

rapidly. 

Water  Supply. 

The  numerous  streams  throughout  the  county  adapt  it 
excellently  to  stock  farming.  When  water  is  needed  for 
household  or  industrial  purposes  it  is  usually  obtained  from 
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wells  at  shallow  depths.  The  base  of  the  loess  and  the  base 
of  the  drift  are  common  water  horizons.  Water  may,  how- 
ever, be  found  in  gravel  pockets  at  almost  any  level  in  the 
drift.  The  different  shale  horizons  in  the  Missourian  usually 
furnish  water  and  their  outcrops  are  marked  often  by  lines  of 
springs  or  water  seepage.  Water,  though  not  usually  of  the 
best  quality,  is  readily  obtained  from  the  Des  Moines  beds. 
In  Jefferson  township  (section  36)  Mr.  C.  D.  Fletcher  has  a 
well  268  feet  deep  ending  in  a  sandstone  that  lies  near  the 
base  of  the  Des  Moines.  The  following  analysis  of  the  water, 
by  Dr.  Floyd  Davis,  is  published  by  the  courtesy  of  Mr. 
Fletcher. 

Total  BoUds 5,580 

Loss  onignition 1,800 

Chlorine 497.6 

Free  ammonia 1.76 

/i  Ibumenoid  ammonia Trace 

Nitrogen  in  nitrites None 

Nitrogen  in  nitrates None 

'  'These  results  show  that  this  is  a  highly  mineralized  water. 
The  salts  in  it  are  principally  sodium  chloride  (common  salt). 
There  are  no  poisonous  substances  in  it.  The  salts  present 
are  really  beneficial  constituents  of  a  mineral  water;  the  com- 
moner salt  acting  as  a  mild  tonic,  and  the  glauber  salts  as  a 
strong  cathartic.  The  sanitary  analysis  shows  that  this  water 
is  almost  entirely  free  of  organic  matter,  such  as  might  come 
from  drainage,  and  there  are  no  reasons  whatever  why  this  is 
not  a  good  water  for  domestic  use  and  for  stock.'' 

Water  Power. 

The  rapid  fall  of  the  large  streams  of  the  county  where 
they  cross  the  Bethany  limestones  a£fords  many  excellent 
water  powers,  few  of  which  are  at  present  utilized.  In 
former  days  there  were  several  mills,  the  most  famous,  per- 
haps, being  the  tunnel  mill  at  the  Backbone.  At  this  point, 
by  means  of  a  tunnel  a    few  hundred  feet  long,  water  is 
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drawn  from  the  river  above  the  Backbone  and  a  head  of  nearl v 

twelve  feet  obtained. 

North  river  Middle  river,  Clanton  creek,  and  many  minor 

streams  cross  the  Bethany  limestone.     In   each  case  there 

is  a  total  fall  of  about  eighty   feet.     This  is   distributed 

somewhat,  but  as  each  of  the  four  benches  of  limestone  is 

crossed  there  is  usually  a  fall  of  ten  to  twenty  or  even  more  feet. 

Such  water  power  may  well  become  quite  valuable,  and  it  is 

not  improbable  that  the  future  will  see  an  important  milling 

industry  founded  on  it. 

Coal. 

While  Madison  county  lies  within  the  limits  of  the  coal 
measures  there  are  at  present  no  mines  of  more  than  local 
importance.  The  Missourian  formation,  which  covers  so 
large  a  portion  of  the  area  is  practically  barren.  The  only 
coal  beds  of  importance  known  to  occur  in  this  formation  are 
found  in  beds  that  lie  above  the  divisions  of  the  Bethany 
limestone  outcropping  here.  The  black  shale  horizons  noted 
in  the  general  section  of  the  formation  carry  some  impure 
coal,  but  neither  in  quantity  nor  quality  is  it  important. 

The  tipper  portion  of  Des  Moines  formation,  as  exposed 
along  the  Raccoon  river,  contains  three  horizons  along  which 
coal  has  been  generally  found.  Two  of  these  coal  horizons 
have  been  named  respectively  the  Lonsdale  and  the  Marshall, 
and  between  these  is  an  intermediate  horizon  to  which  no 
name  has  been  given. 

This  intremediate  coal  appears  on  Bulger  creek  in  Jefferson 
township,  Madison  county.  Coal  was  formerly  worked  in 
Madison  township  (section  25)  and  it  is  not  improbable  that  it 
belonged  to  the  Lonsdale  horizon.  The  coal  found  in  Craw- 
ford township,  on  Cedar  creek  (sections  17  and  18),  south  of 
Patterson  (section  32)  and  southwest  of  Bevington  (section  36) 
can  not  be  definitely  correlated.  Coal  horizons  have  been 
noted  in  the  sections  near  St.  Charles,  and  similar  beds  occur 
at  approximately  the  same  levels  along  Clanton  Creek  and 
Middle  river. 
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All  these  coal  beds  are  quite  thin.  Id  many  cases  only  a 
little  impure  coal  is  mixed  with  the  black  shale.  The  thickest 
beds  noted  include  that  reported  at  the  old  Clarke  mine  (Tp. 
77  N.,  R.  XXVIII  W.,  Sec.  25,  Nw.  qr.)  and  that  south  of  Pat- 
terson (Tp.  76  N.,  R.  XXVI  W.,  See.  32,  Ne.  qr.,  Sw.  ^).  At 
the  Clarke  mine  the  bed  is  said-  to  have  been  two  feet  thick. 
White  gives  the  following  section: 


5.    LimeatoDe,  impure,  bluish 

—     2 

4.    ShalcB,  black,  bituminous 

...     3 

3.    Sha'e,  argillBceouB,bl«iBh.... 

...  14 

2.    Coal 

___    2 

Fio.  80.    GOBI  «  Olfttka  mine. 

The  coal  would  seem  from  this  section  to  represent  the 
Marshall  horizon.     It  is  not  now  exposed. 
The  section  south  of* Patterson  is  as  follows: 


2.    Coal- 2 


The  mines  of  Madison  county  are  small,  and  are  worked 
only  in  the  winter  to  supply  the  local  trade.  Some  coal  is 
obtained  by  stripping  and  some  by  drifting.  No  deep  shafts 
have  been  sunk,  and  do  extensive  prospecting  has  as  yet  been 
undertaken.  Thick,  workable  beds  probably  occur  within  the 
county,  but  at  some  depth  beneath  the  surface.     At  Van 
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Meter,  just  outride  Madison  county,  two  veins  have  been 
worked.  One  lies  285  feet  below  the  surface,  which  is  884  A. 
T. ,  and  the  other  about  twenty  feet  below.  Each  vein  aver- 
ages about  three  feet  in  thickness.  In  Guthrie  thick  coal  has 
been  found  at  several  points  at  equivalent  levels  below  the 
Bethany  limestone.  In  Polk,  Marion  and  Monroe  counties 
coal  is  taken  from  horizons  which  are  below  the  beds  of  Mad- 
ison county.  How  far  west  along  these  horizons  the  coal  will 
prove  thick  enough  for  mining  is  an  open  question,  and  can 
only  be  solved  by  drilling.  At  Peru,  in  1887,  the  Chicago 
Great  Western  railway  put  down  a  hole  to  a  depth  of  303  feet. 
At  212  feet  a  thin  bed  of  coal  is  said  to  have  been  encoun- 
tered. This  is  about  the  horizon  at  which  the  coal  worked  at 
Commerce  should  occur  if  present.  There  are  thin  coal  beds 
worked  in  Warren  county,  the  uppermost  passing  beneath  the 
bed  of  Middle  river  close  to  the  east  county  line.  This  horizon 
usually  shows  sixteen  inches  of  coal.  Forty-five  feet  below 
is  a  horizon  showing  coal  of  equal  thickness,  and  thirty-five 
feet  still  deeper  is  a  horizon  with  eighteen  inches.  Probably 
coal  may  be  found  along  these  horizons  over  a  portion  of  the 
county.  The  beds  have  a  general  dip  toward  the  southwest 
of  three  to  four  feet  per  mile,  and  seem  to  have  been  but  little 
disturbed. 


^ 


BY 


J.  L .  TILTOJS^ 

i89r. 


< > 


»>  '#  »• 


LEGKND 

GEOLOGICAL  FORMATIONS 


INDEX. 


Abandoned  valley  of  Lime  Creek,  126. 
Abrasion  of  paving  brick,  380. 
Absorption  of  Marshall  stone,  250. 

Paving  brick,  380. 
Winterset  stone,  525. 
Acei-certfularia  davidsoni,  60,  63,  66,  67. 

68, 145,  146, 160. 
inequalis,  146,   159,   167, 

169. 
profimdaf  68. 
Aclmna  mimUa^  332. 
wbvsta,  332. 
Actaeonina  mimUa,  333. 
Actinostroma  expansum,  154,  159,  160. 

prohoscidalia,  220. 
Adair,  elevation,  423. 
Aftonian,  18,  231, 
Age  of  Iowa  River,  207. 
Albertan  drift,  18,  521. 
Albion,  elevation,  204. 

Section,  231. 
Allen,  J.,  cited,  367. 
Allorisma  subcunecUumj  515. 
Alluvium,  Guthrie  county,  469,  476. 
Johnson  county,  90. 
Madison  county,  523. 
Marshall  county,  240. 
Polk  countv,  351,  366. 
Altamont  moraine,  132,  239. 
Alveolites  rockfwdensis,  167. 
Amana  coal  measures,  82. 
Analyses  of  clay,  191,  375,  382,  386,  389, 
391,  476. 

Coal,  345. 
Stone,  251. 
Water,  536. 
Anamosa  limestone,  55,  95. 
Anderson  mine,  454,  474. 
Annual  report,  11. 
Anomphdlvs  rotvJus,  332. 
Anson  Brick  &  Tile  Co.,  253. 
Archasocidaria  edoareruis,  330. 
Area,  Cerro  Gordo  county,  121. 
Guthrie  county,  417. 
Johnson  county,  37. 
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Area,  Madison  county,  492. 
Marshall  county,  201. 
Polk  county,  267. 
Areal  work  of  Survey,  11. 
Aricula  hnga,  331. 

marionensis,  219. 
Aricvlopecten  coxensis^  231. 

neglectuSy  331. 
occidenlaliSf  518. 
whitd,  331. 
Arnold  quarry.  529, 
Artesian  wells,  15,  26,  31,  484. 
Ashton,  Charles,  acknowledgments,  442. 
Asphalt  paving,  372. 
Astarella  vera,  331. 
AstrcBspongia  hamiUonensiSf  63. 
amoldij  224. 
noclobrochiatu8j  224. 
oratisainuSf  224. 
Atrypa  aspera,  59,  167,  168. 

reticularis,  59,  60,  61,  63,  64,  66, 
67,  72,   78,  160,  167,  168,  169, 
170. 
Athyris  argentea.  331,  333. 
protUii,  170. 

subtrnta,  430,  431,  437,  444,  447, 
448,   506,  511,   512,   513,  514, 
515,  516,  517,  518. 
Augpusta  limestone,  227. 
AulocophyUum  princeps,  63. 
Auloporaiowensis,  167. 

sa^xivadum,  167. 
Avon  gravel  pits,  407. 
AxophyUum  Tiide,  447,  571. 

Backbone  quarries,  529. 
Bactoriological     study     of     Marshall 

wator,  260. 
Bagley,  elevation,  423. 
Bain,  H.  F.,  citod,  444,  460,  464,  502. 

Geology  of  Guthrie  county, 

413. 
Geology  of   Polk   county, 

263. 
Leave  of  absence,  26. 
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Bain,  H.  F.,  work  of,  13,  17,  18,  20,  21, 

24,  25,  20. 
J.  L.  Tilton,  and,  geology 
of  Madison  county,  489. 
Barney,  elevation,  498. 

Quarrv,  520,  530. 
Bates,  C.  O.,  analy::i8  by,  378,  382,  386, 

389. 
Batocrinua  nuichndei,  224. 
Bayard,  elevat^ion,  423. 
Belding  Stone  Co.,  150,  184. 
Balding,  S.  C,  acknowledgments,  195. 
Belle  Valley  Mill  exposure,  437,  402. 
BeUerophon  carhonaHa^  430. 
2)ercarinata,  447. 
Bertram  beds,  57. 
Berry  brick  works,  476. 
Berryhill  &  Shul,  406. 
Berwick  boring,  320. 

Elevation,  384. 
Bethany  limestone,  509,  524. 
Bevington,  elevation,  498. 
Bevington  quarry,  525. 
Bever,   S.  W.,  acknowledgments,  195, 

248. 
Cited',  267,  340,  460. 
Work  of,  12,  15,  27. 
Blake  Creek  section,  157. 
Bondurant  elevation,  284. 
Boynton,  E.  P.,  tests  by,  378,  379,  383, 

384,  386,  390,  392. 
Brick  paving,  371. 
Brick  works. 

Anson  Brick  &  Tile  Co.,  253. 

Austin,  A.  M.,  405. 

Bailey,  J.,  398. 

Berry,  476. 

Billington,  C,  403. 

Bromley  Brick  &  Tile  Co.,  255. 

Capital  City  Brick  Co.,  379,  391. 
Pipe  &  Tile  Co.,  390. 

Collins,  Frank,  399. 

Clark,  535. 

Daie-Goodwin  Pressed  Brick  Co., 
396. 

Davenport  Paving  Brick  Co;,  379. 

Des  Moines  Brick  Mfg.  Co.,  380. 

Diamond  Brick  &  Tile  Co.,  379. 

Flint  Brick  Co.,  385. 

Fredregill,  J.  M.,  398. 
T.  M.,  398. 

Galesburg  Vitrified  Brick,  379. 

Gaulocker,  C,  102. 

Oilman  Brick  &  Tile  Co.,  255. 

Gross,  Wm.,  102. 

Horton,  478. 

Harman,  A.,  255. 

Haskins,  N.,  399. 

Hill,  J.  D.,  398. 

Iowa  Brick  Co. ,  388. 

Kohr,  C.  H.,  264. 

Kurtz  <Sf  Hall,  400. 
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Merrill  Brick  Works,  395. 

Minear  Bros.,  397. 

Musser,  J.  D.,  101. 

Newman  Bros.,  395. 

Nicholas  Oaks,  102. 

Ottumwa  Paving  Brick  Co.,  379. 

Oxer,  J.  W.,  101. 

Panora  Brick  «&  Tile  Co.,  478. 

Paving  Brick,  370. 

Polk  City  Tile  Works,  403. 

Purington  Brick  Co.,  379. 
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Stuart  Brick  &  Tile  Co.,  477. 
Thomas  &  Sons,  404. 
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Youngerman,  Louis,  398. 
Broadhead,  G.  C,  cited,  450. 
Bromley  Brick  &  Tile  Works,  255. 
Brown  quarry,  529. 
Brusby  Burk  mine,  474. 
Buchanan  beds,  18, 172,  233. 

county,  work  in,  15,  25. 
Buffalo  creek,  49. 
Building  brick,  393. 
Building  stone,  16. 

( Jerro  Grordo  county,  183. 
Guthrie  county,  478. 
Johnson  county,  95. 
Madison  county,  524. 
Marshall    county,    241, 

256. 
Polk  county,  409. 
Burgess  mine,  473. 
Burning  paving  brick,  377. 
Burroughs  mine,  474. 
Butler  mine,  474. 


Caen  stone,  244. 

Call,  R.  E.,  cited,  268,  335, 340,  342,  418, 

481. 
Calmus  creek,  141. 

Calvin,  Samuel,  acknowledgments,  418, 

493. 
Annual  report,  11. 
Cited,  146,  168, 172,  469, 

460,  463,  464. 
Geology  of  Cerro  Gordo 

county,  121. 
Geology    of     Johnson 

county,  37. 
Quoted,  463. 
Work  of,  26. 
Camarotcechia  contracta,  167. 
Campophyllum  nanum,  167. 
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Capital  City  Brick  Co.,  379,  391. 

Pit  308. 
Capital  Hill  section,  301. 
Capital  in  Polk  Co.  mines,  354. 
Carbondale  elevation,  284. 
Carbondale  exposures,  311,  315,  316. 
Fuel  Co.'s  clays,  369. 
Mine,  356,  361. 
Carboniferous, Cerro  Gordo  county,  170. 

Fossils  from  Des  Moines 
by  C.  R.  Keyes,  330. 
Guthrie  county,  427. 
Johnson  county,  79. 
Madison  county,  503. 
Marshall  county,  218. 
Polk  county,  286. 
Work  on,  12,  21. 
Carlson,  C.  J.,  acknowledgments,  411. 
Casey,  elevation,  423. 
Cedar  county,  work  in,  15,  25. 

Valley  limestone,  62,  71,  95,  145, 
160, 
Quarries,  185. 
Cement,  17. 

Center  Street  section,  303. 
Cerro  Grordo  county,  geology  of,  121. 
-  Altamont  moraine,  132. 
Area,  121. 

Buchanan  gravels,  172. 
Building  stones,  180. 
Carboniferous,  170. 
Cedar  Valley  limestones,  145. 
Clays,  189. 
Clear  Lake,  134. 
Deformations,  181. 
Devonian,  145. 
Drainage,  136. 

Early  geological  work  in,  121. 
Economic  products,  183. 
Elevations,  136. 
Eskers,  177. 

Geological  formations,  144. 
lowan  drift,  123,  174. 
Kansan  drift,  171. 
Kettle  holes,  134. 
Kinderhook,  170. 
Lime,  187. 

Lime  Creek  shales,  161. 
Mason  City  deep  well,  193. 
Peat;  192. 

Physiography,  122. 
Pleistocene,  171. 
Post-glacial  deposits,  178. 
Soils,  179. 

Stone  industry,  187. 
Topography,  122. 
Unconformities,  181. 
Valley  trains,  177. 
Value  of  quarry  products,  186. 
Water  power,  194. 
Water  supplies,  192. 
Wisconsin  drift,  176. 
Work  in,  12,  27. 
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19,  418,  412. 
cited,  335,  345,  348, 
349. 
Character  of  coal  measures,  291. 
Chemical  analyses,  17,  251,  370,  536. 
Chimney  tops,  369. 
Ckonetes  fleminai,  331,  333. 

aranuliferai  430,  447. 
tcevis.  331. 

mesoloba,  333,  334,  431,  505,  506. 
parvus,  505. 
scitula,  63. 

vemeulianiusj  448,  509, 514,  515. 
Christy  coal  analyses,  356. 

Mine,  361,  362. 
Cladopora  iowensis,  66,  71. 
Clarke  brick  yard,  535. 

County,  work  in,  29. 
Mine,  434,  474,  538. 
Quarry,  528. 
Clky  analysis,  375. 
Clays  (See  also  brick). 

Cerro  Gordo  county,  189. 
Guthrie  county,  475. 
Johnson  county,  101. 
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Marshall  county,  252. 
Polk  county,  366. 
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(See,  also,  Des  Moines  formation.) 
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Cutting  machine,  357. 
Guthrie  county,  469. 
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Marshall  county,  256. 
Mines  of  South  Des  Moines,  300. 
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Color  of  brick,  393. 
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Coon  Valley  mine,  361,  365. 
CopodiLS  prototyptM,  112. 
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Cost  of  brick  paving,  372. 
Cost  of  good  roads,  534. 
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Court  House  well,  410. 
Crania  famelica,  161. 
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Work  on,  13,  29. 
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Dallas  county,  work  in,  15,  21,  26,  29. 
Davenport  Paving  Brick  Co., 379. 
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Formation.  (See,  also,  coal.) 
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Fossil  fishes,  108. 
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Johnson  county,  57. 
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Dillon,  elevation,  204. 
Dinichthys  intermedivs,  114. 
Dipterus  vatencienitesi,  113, 
Dorycrinus  inimaturus^  224. 

parmhasM,  224, 

radiatus,  22A. 
Drainage,  Cerro  Gordo  county,  136. 

Guthrie  county,  423. 

Johnson  county,  47. 

Madison  county,  498. 

Marshall  county,  205. 

Polk  county,  273. 
Driscoll  mine,  475. 
Dunbar,  elevation,  201. 
Durability  of  brick  paving,  373. 
Dygart  mine,  432,  473. 

Eagle  mine,  353,  364. 

Section,  304. 
Pottery  works,  401. 
Earle  &  Prouty  coal  lands,  361. 
Earlham,  elevation,  498. 
Land  Co.,  528. 
Limestone,  510,  512,  514,  524, 

528. 
Quarries,  525,  526. 
Early  geological  work  in  Cerro  Gordo 

county,  121. 
Guthrie  county. 
Johnson  county. 
Madison  county,  493. 
Marshall  county,  201. 
Polk  county,  267. 
Eastman,  C.  R.,  acknowledements,  24, 

104. 
Occurrence   of  fossil 
fishes  in  the  Devo- 
nian of  loWa,  108. 
Quoted,  75. 
Eastwood  well,  468. 
Eclipse  mine,  353. 

Economic  products,  Cerro  Gordo  coun- 
ty, 183. 
Guthrie  county,  469. 
Johnson  county,  95. 
Madison  county,  524. 
Marshall  county,  241. 
Polk  county,  352. 
Eicher  quarry,  96. 
Elevations. 
Adair,  423. 
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Elevations. 
Albion,  204. 
Altoona,  284. 
Ankeny,  284. 
Ashawa,  284. 
Avon,  284. 
Bagley,  423. 
Barney,  498. 
Bayard,  423. 
Berwick,  284. 
Bennington,  498. 
Bondurant,  284. 
Carbondale,  284. 
Casey,  423. 
Clear  Lake,  136. 
Coon  Rapids,  423. 
Commerce,  284. 
Crocker,  224. 
Des  Moines,  284. 
Dexter,  423. 
Dillon,  204. 
Dunbar,  204. 
Earlham,  498. 
Elmira,  47. 
Ferguson,  204. 
Gladbrook,  204. 
Glendon,  423. 
Gilman,  204. 
Green  Mountain,  204. 
Guthrie  Center,  423. 
Hanley,  498. 
Hastie,  284. 
Haverhill,  204. 
Herndon,  423. 
Iowa  City,  47. 
Jamaica,  423. 
Lamoille,  204. 
Laurel,  204. 
Le  Grande,  204. 
Liscomb,  204. 
Lone  Tree,  47. 
Lorimer,  498. 
Luray,  204. 
Malta,  204. 
Marshall  town,  204. 
Mason  City,  136. 
Melbourne,  204. 
Menlo,  423. 
Millman,  284. 
Mitchellville,  284. 
Montieth,  423. 
Morse,  47. 
Oralabor,  284. 
Oxford,  47. 
Peru,  498. 
Pickering,  204. 
Polk  City  Junction,  284. 
Portland,  136. 
Plymouth,  136. 
Quarry,  204. 
Rockton,  204. 
Rhodes.  204. 
Runnells,  284. 


Elevations. 

Santiago,  284. 

Saylor,  284. 

Sheldahl,  284. 

State  Center,  204. 

St.  Charles,  498. 

Stuart,  423,  498. 

Solon,  47. 

Tannerville,  284. 

Tiffin,  47. 

Truro,  298. 

Valley  Junction,  284. 

Van  Cleve,  204. 

Ventura,  136. 

Winterset,  498. 
Elliott,  J.  W.,  acknowledgments,  247. 
Emery  mine,  474. 
Emery,  Rush,  cited,  202. 
Entoluum  drculus.  223. 
Erosion  curves,  420,  497. 
Eskers,  Cerro  Gordo  county,  177. 
Eureka  mine,  363,  356,  363,  365. 
Quarry,  628. 

Fanslers  mines,  436,  474. 
Faults  in  coal,  300. 
Fauna  of  coal  measures,  330. 
Favosites  alpenensis,  59,  63,  66. 
emmonsiy  63,  66. 
favosusj  456. 
hisnigeri,  456. 
placenta,  59,  60. 
Fayette,  oreccia,  58. 

County,  work  in,  15. 
Ferguson,  elevation,  204. 
Fish  fauna  of  the  Devonian,  24,  74. 
Fisher  mine,  473. 
Fistulipora  iwdulifera,  447. 
Fitzpatrick,  T.  J. ,  acknow  ledgments,  104. 
Flagging  stone  in  Johnson  county,  99. 
Flint  Brick  Co.,  304,  379,  385. 
Flint  Valley  mine,  353,  364. 
Fletcher,  C.  D.,  deep  well,  536. 
Floyd  county,  work  in,  25. 
Fluxes  in  paving  brick,  374. 
Flynn,  Thomas,  acknowledgments,  47. 
Ford,  clay,  312,  319. 
C^oal,  312,  319. 
Sandstone,  493. 
Forest  bed,  468. 

Trees  of  Johnson  County,  by  T. 
H.  Macbride,  105. 
Fossils  from  Cretaceous,  453,  458. 
Coal  measure,  83,  330. 
Devonian,  108. 
Loess,  89,  344. 
Fraffmental  limestone,  511,  524. 
Fredegill,  J.  M.,  brickyard,  398. 
T.  J.,  brickyard,  398. 
Freezing  tests  of  stone,  249. 
Fusalina  limestone,  617,  519,  524. 
Fuaalina  cylindrica,  330,  518.. 
ventricosaj  519. 
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Oalesburg  Vitrified  Brick  Co.,  379. 
Gannett,  Henry,  cited,  422. 
Garver  mine,  364. 
Gaulocker  brickyard,  102. 
Geest  in  Madison  county,  520. 
General  section  of  Cedar  Valley  lime- 
stone, 71,  160. 
Lime  Creek  shales, 
163. 
General  supervision  of  work,  24. 
Geological    formations,    Cerro    Gordo 

county,  144. 
Guthrie  county,  427. 
Johnson  county,  54. 
Madison  county,  504. 
Marshall  county,  218. 
Polk  county,  285. 
Geological  structure  of  Marshall  coun- 
ty, 240. 
Geology  of  Cerro  Gordo  county,  121. 
Guthrie  county,  413. 
Johnson  county,  37. 
Madison  county,  489. 
Marshall  county,  201. 
Polk  county,  263. 
Giant  mine,  319,  3&I. 
Gibson  mine,  318,  356,  361,  362. 
Gilbert,  G.  K.,  cit«d,  352,  422. 
Gilman.  elevation,  2(>l. 

Brick  &  Tile  Co.,  255. 
Glacial  scour ings  in  Johnson  county,  86. 

Marshall  county.  239. 
Gladbrook,  elevation,  204. 
Glendon  coal,  470. 

Elevation,  423. 
Section,  470. 
CTordon,  C.  H.,  cited,  500. 
Goniatites  ijriofi,  168. 

nolenfsis^  332. 
Graphiocrinus  lonmcirrifei\  224. 
Grasses  of  Iowa,  16. 
Gravel,  Guthrie  count  v,  480. 
Polk  county,  ^48,  406. 
Greenbriar  Coal  Co.,  472. 
Green  Mountain,  elevation.  2(H. 
Greenwood  Park,  deep  well.  4l»9. 
Gross  brickyard.  102. 
Guthrie  Center,  boring.  442. 

Elevation.  423. 
Guthrie  county,  geology  of.  413. 
Alluvium.  469.  476. 
Analysis  of  clays,  47ti. 
Area,  417. 
Artesian  wells.  484. 
Brickyards,  476. 
Building  stone.  479. 
Carboniferous.  427. 
Clavs,  47.V 
Coal.  4^59. 

Cretaoetnis,  4ol,  4T.V 
Dale  City  oi^l.  47a 
Dakota.  4ol. 
Deep  coal  seams.  47iX 
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Guthrie  county. 

Des  Moines  formation,  428,  475. 

Drainage,  423. 

Early  geological  work  in,  417. 

Economic  products,  469. 

Elevations,  423. 

Fanslers  mine,  474. 

Forest  bed,  468. 

Gravel,  480. 

lowan  loess,  463. 

Karnes,  468. 

Kansan  drift,  460. 

Location,  417. 

Loess,  463. 

Mining  industry,  472, 

Missourian,  446,  479. 

Natural  gas,  481. 

Overwash  plains,  468. 

Physiography,  418. 

Pleistocene,  460. 

Pre-Kansan,  461. 

Sand,  480. 

Soils,  486. 

Stratigraphy,  426. 

Stuart  boring,  471. 

Sutherland  well,  470. 

Terraces,  468. 

Topography,  418. 

Water  supplies,  483. 

Wisconsin  drift,  466. 

Work  in,  13,  20,  26,  29. 
Gffpidula  munda^  1G9. 
comis,  167. 

Hackberry  Grove  beds,  161. 

Hadley,  £.  E.,  acknowledgments  458. 

Haines  brickyard,  402. 

Hall.  James,  cited,  37.  258.  352. 

Hall  mine,  353. 

Hanley,  elevation,  498. 

Section,  505. 
Harmon,  brickyard,  255. 
Harmon  &  Hug,  tile  works.  403. 
Harris  mine.  474. 
Haskins  brickyard.  399. 
Hastie.  coal  horizon.  319. 

Elevation.  261. 

Mines.  360. 
Haworth.  EL,  cited.  444.  450. 
Haverhill,  elevation.  204. 
Hflicina  orcM//«.  336. 
Htlicodkictuf  /iiiea/Mjt.  237. 
Hepner.  Emanuel,  well  section.  228. 
Herndon.  elevation.  423. 
Hess.  Samuel,  acknowledgments.  104. 
Hicks.  Earl,  cited.  422. 
High  Bridge  mines.  324. 
Hill  brickyarti.  39S. 
Hoen  A:  Co..  23. 
Horton  brickyard.  478, 
Houser.  G.  ll.  acknowledgments.  lOL 
Howard  county,  work  in.  15. 
Hulme  mine.  356.  960. 
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Hughes  &,  Clark  mine  474. 

Hustedia  rtiarmoni,  331,  333, 430,  447,  448, 

512,  513,  514,  515. 
Hutchinson  quarry,  64,  96. 

Independence  beds,  57. 
Idiostroma  caespitosum,  64. 
Illinois  drift,  18. 
low^,  Brick  Co., ^79,  386. 
Iowa  Central  mine,  353. 
Iowa  City,  brickyards,  102. 

Coal  measure  outlier,  80. 

Elevation,  47. 
Iowa  Fuel  Co.,  361. 
Iowa  Pipe  and  Tile  Co.,  400. 
Iowa  Printing  Co,,  23. 
Iowa  river,  47,  205. 

lowan  drift,  18,  40,  86,  123,  174, 234,  463, 
Irish,  Gilbert,  acknowledgments,  104. 
Irains  quarry,  530. 

Jamaica,  elevation,  423. 
Johnson  county,  geology  of,  37. 

Alluvium,  90. 

Anamosa  limestone,  54. 

Anomalous  divides,  46. 

Area,  37. 

Bertram  beds,  57. 

Building  stones,  95. 

Carboniferous,  79. 

Cedar  Valley  limestone,  62. 

Clays,  101. 

Coal  measures,  79. 

Coggan  beds.  57. 

Deformations,  93. 

Des  Moines  formation,  79. 

Depth  of  Pleistocene  deposits,  90. 

Devonian,  57. 

Drainage,  47. 

Economic  products,  95. 

Elevations,  46. 

Fayette  breccia,  58. 

Flagging  stone,  99. 

Forest  trees,  105. 

Fossil  fish,  108. 

Glacial  scorings,  86. 

Geological  formations,  54. 

Geological  work  in,  37. 

Hall,  James,  in,  37. 

Independence  beds,  57. 

lowan  bowlders,  41. 

lowan  drift,  86. 

lowan  drift  plains,  40. 

Kansan  drift,  83. 

drift  plains,  43. 

Keyes,  C.  R.,  in,  37. 

Kinderhook,  79. 

Lake  basins,  46. 

Le  Claire  limestone,  54. 

Loess,  88. 

Lime,  100. 

McGee,  W  J,  in,  37. 

Minerals,  103. 


Johnson  county. 

North  Liberty  drift  plain,  42. 

Oramental  st6ne,,99. 

Otis  beds,  57. 

Owen,  D.  D.,  in,  37. 

Pleistocene  deposits,  83. 

Preglacial  surface,  91. 

Physiography,  39. 

Railway  ballast,  98. 

River  flood  plains,  45. 

Road  materials,  98. 

SaDd,  100. 

State  Quarry  limestone,  72. 

Stratigraphy,  53. 

Streams,  47. 

Silurian,  54. 

Soils,  92. 

Topography,  39. 

Unconformities,  94. 

Wapsipinicon,  57. 

Water  power,  104. 

Water  supply,  104. 

White,  C.  A.,  in,  37. 

Work  in,  11. 
Jones,  A.  J.,  cited,  418. 

Kames,  338,  346,  348,  408,  468. 

Kansan  drift,  18,  43,  83,  171,  231,  338, 

460,  521. 
Keb  mine,  299. 
Kelsey  kame,  346. 
Kettle  holes,  134. 
Kipp  quarry,  529. 

Keves,  C.  R.,  cited.  38,  62,  213,  268,  279, 

291,  292,  297,  299,  310, 

311,  328,  335,  360,  412, 

432,  450,  457,  473,  493. 

Coal  measure   fossils   at 

Des  Moines,  330. 
Loess     fossils     at     Des 
Moines,  'M4. 
Keystone  mine,  353,  364. 
Kirk,  M.  Z.,  cited,  450. 
Kinderhook  in  Cerro  Gordo  county,  170. 

Johnson  county,  79. 
Marshall  county,  221,  242. 
Knapp  C'reek  quarries,  83. 
Kohr,  G.  H.,  brickyard,  254. 
Kuntz  &  Hall,  brickyard,  400. 
Kuppinger  quarry,  146,  183. 

Lake  basins,  46. 

Lake  Park  mine,  .'V)3,  3(>4. 

Lamoille,  elevation,  204. 

Larrabee,  Frederick,  acknowledgments, 

195. 
Laurel,  elevation.  204. 
Lead  and  zinc  report,  15. 
Le  Claire  limestone,  54. 
Le  Grande  beds,  221. 

Elevation,  204. 

Section,  213. 
Le  Grande  Quarry  Co.,  242,  262. 
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Lein,  A.  T.,  acknowledgments,  195. 
Lein  Bros,  lime  kiln,  1^. 

Quarry,  149. 
Leonard,  A.  G.,  acknowledgments,  418. 

Cited,  432,  491,  508,  512. 
Report  of,  21,  23,  26. 
Work  of,  15. 
Leverett,  Frank,  in  Iowa,  18,  20. 
Lima  retifera,  331. 
Lingula  carhonaria,  436. 

unbonata^  331. 
Lime,  Cerro  Gordo,  187. 
Johnson,  100. 
Madison,  534. 
Marshall,  256. 
Lime  Creek  shales,  161,  163. 
Linn  county,  work  in,  11. 
Liscomb,  elevation,  204. 
L«oess,  Guthrie  county,  463, 

Johnson  county,  44,  88. 
Madison  county,  522. 
Marshall  county,  235. 
Polk  county,  340. 
Lone  Tree,  elevation,  47. 
Lonsdale  Bros.,  acknowledgments,  418. 
Charles,  quoted,  438. 
E.  H.,  acknowledgments,  262, 
412,  418. 
Cited,  459. 
James,  acknowledgments,418. 
Coal,  434,  440,  470,  537. 
Mine,  440. 
Lopophyllum  prolifemmj  330,   332,   447, 

448,  "512,  515. 
Lorimer,  elevation,  498. 
Lower  coal  measures,  428.     (See  also 

Des  Moines  formation. ) 
Loxonema  giganiea,  166. 
muUicosta,  332. 
scitula,  332. 
Luray,  elevation,  204. 
Lyon  county,  work  in,  15." 

Macadam  roads,  532. 
Macbride,  Thos., acknowledgments,  104. 

Forest  trees  of  John- 
son county,  105. 
Quoted,  435. 
Macrodon  obsoletuSy  331. 
Madison  county,  geology  of,  489. 

Albertan  drift,  521. 

Alluvium,  523. 

Analysis  of  water,  536. 

Area,  492. 

Barney  quarries,  531. 

Bethany  limestone,  509,  524. 

Building  stones,  524. 

Carboniferous,  503. 

Clays,  535. 

Coal,  537. 

Cretaceous,  503. 

Des  Moines  formation,  503. 

Devil's  Backbone,  500. 


Madison  county. 

Drainage,  498. 

Earlham  limestone,  510,  512,  514, 
524. 

Earlham  quarries,  526. 

Early  geological  work,  493. 

Economic  products,  524. 

Elevations,  498. 

Erosion  curves,  498. 

Fletcher  well,  536. 

Fragmental  limestone,  511,  524. 

Fusalina  limestone,   517,   519,  524, 
525. 

Geest,  520. 

General  relations  of  strata,  503. 

Geological  formations,  503. 

Hanley  section,  5(]^. 

Kansan,  521. 

Land  forms,  495. 

Lime,  534. 

Loess,  522. 

Marshall  coal,  508. 

Mines,  537. 

Missourian  formation,  509. 

Origin  of  streams,  502. 

Patterson  section,  507. 

Pennsylvania  series,  503. 

Peru  quarries,  529. 

Physiography,  494. 

Pleistocene,  503,  520. 

Preglacial  surface,  500. 

Pre-Kansan  drift,  521. 

Quarries,  525. 

Road  material. 

South  river  exposures,  514. 

St.  Charles  quarries,  513,  516,  531. 

Stratified  drift,  522. 

Stratigraphy,  503. 

Streams,  498. 

Sub-Aftonian,  521. 

Tileville  section,  519. 

Topography,  494. 

Truro  quarries,  531. 

Typical  section,  505. 

Upland  meanders,  500. 

Valleys,  495. 

\v  ater  power,  536. 

Water  supply,  535. 

Winterset  limestone,  517,  524,  525, 
528,  536. 

Work  in,  13,  21,  27. 
Malta,  elevation,  204. 
Manbeck  coal,  356. 
Mine,  361. 
Section,  313. 
Maple  Grove  mine,  363. 
Marbut,  C.  F. ,  cited,  500. 
Mardis  brickyard,  523,  535. 
Marion  county,  work  in,  15. 
Marshall  coal,  470,  508,  538. 
Marshall  county,  geology  of,  201. 

Aftonian,  231. 

Alluvium,  240. 
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Marshall  county. 

Altamont  moraine,  239. 

Area,  201. 

Augusta  limestone,  227. 

Buchanan  gravels,  233. 

Building  sand«  256. 

Buildinjg  stone,  241. 

Carboniferous,  218. 

Clays,  252. 

Coal,  257. 

Des  Moines  formation,  227,  252. 

Drainage,  205. 

Early  geological  work  in,  201. 

Econpmic  products,  241. 

Elevations,  204. 

Geological  formations,  218. 

Geological  structure,  240. 

Glacial  scorings,  239. 

lowan  drift,  2Si. 

Kansan  drift,  231. 

Kinderhook,  221,  242. 

Loess,  235. 

Lime,  256. 

Location,  201. 

Marshalltown  deep  well,  211. 

Mississippian,  219. 

Moulding  sand,  256. 

Pleistocene,  229. 

Physiography,  202. 

Quarries,  242. 

Road  materials,  256. 

Saint  Louis  limestone,  227,  252. 

Soils,  258. 

Standard  sections,  213. 

Stratigraphy,  210. 

Sub-Aftonian,  231. 

Terraces,  209. 

Topography,  202. 

Tests  of  stone,  247. 

Water  power,  262. 

Water  supply,  259. 

Wisconsin  drift,  238. 

Work  in,  12,  27. 
Marshalltown  deep  well,  211. 

Elevation,  204. 
Shales,  226. 
Stone,  tests  of,  247. 
Marston,  A.,  acknowledgments,  17, 247. 
Mason  City,  deep  well,  193. 
Elevation,  136. 
Mason  City  Brick  &  Tile  Co.,  189. 
Mason  City  Quarry  Co.,  151,  185. 
Mason  City  Stone  Co.,  185. 
McBride,  W.  S.,  acknowledgments,  262. 
McCoUister  quarry,  97. 
McCord,  R.  L.,  acknowledgments,  104. 
McCormick,  Harry,  acknowledgments, 

17. 
McCune  quarry,  55. 
McGee,  W  J,  cited,  38,  39,  47,  50,  62, 
77,  83,  84,  122,  268,  277,  342,  422,  458, 
482. 
McGorrisk,  J.  B.,  acknowledgments,  411. 


McLaughlin,  Harold  M.,  acknowledg- 
ments, 195. 
McLune  sand  pit,  453,  480. 
Meekella  striattxostatd,  447,  448,  511,  515, 

517. 
Megistocrinusfarnsworthif  61,  63. 
panms,  22i. 
robilio,  224. 
Melbourne,  elevation,  204. 
Melocrinus  calvinii,  78. 
Meier,  C.  G.,  work  of,  23. 
Menlo,  elevation,  423. 
Merchant  mine,  324,  356,  366,  474. 
Merrill  Brick  Works,  395. 
Mesodonthyroidesy  336. 
Middle  coal  measures,  428. 
Midland  mine,  360. 
Miller  mine,  363. 
Millman  boring,  291. 

Elevation,  284. 
Atinear  Bros,  brickyard,  397. 
Mine  slack,  48. 

Minerals  of  Johnson  county,  103, 
Mines. 

Acme,  360. 

Altoona,  321. 

Anderson,  454,  474. 

Atlas,  364. 

Bloomfield,  353,  364,  365. 

Burgess,  473. 

Burroughs,  474. 

Butler,  474. 

Brushy  Fork,  474. 

Carbondale,  356,  361. 

Christy,  356,  361,  362. 

Clark,  434,  474,  538. 

Clifton,  366. 

Coon  Valley,  365. 

Dahl,  353. 

Des  Moines,  353,  364,  365. 

Diamond,  363. 

Driscoll,  440,  475. 

Dygert,  473. 

Eagle,  353,  364. 

Eclipse,  353. 

Eureka,  353,  356,  363,  365 

Emery,  474. 

Fanslers,  474. 

Flint,  353,  364. 

Fisher,  473. 

Garver,  364. 

Giant,  364. 

Gibson,  356,  361,  362. 

Greenbriar,  472,  473. 

Hale,  353, 

Hughes,  474. 

Hughes  &  Clark,  474. 

Hastie,  360. 

Hulme,  356,  366. 

Iowa  Central,  353. 

Iowa  Fuel  Co,  361. 

Keeler,  473. 

Keystone,  353,  364. 
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Mines. 

Lake  Park,  353. 

Lamb,  440,  475. 

Lonsdale,  440,  475. 

Manbeck,  356,  361. 

Maple  Grove,  363. 

Merchant,  356,  366,  474. 

Midland,  360. 

Miller,  363. 

Mormon  Ridge,  256. 

Muldoon,  475. 

Oak  Park,  353,  364. 

Patterson,  538. 

Pennsylvania,  353. 

Perkins,  436,  474. 

Pioneer,  353. 

Plea^nt  Hill,  353. 

Polk  county,  353,  365. 

Proctor,  365. 

Rawson,  353. 

Redhead,  353. 

Reese,  353,  434,  473. 

Renslow,  474. 

Riley,  365. 

Scott,  365,  435,  474. 

Skandia,  360. 

Standard,  364. 

Stapes,  473. 

Star,  360. 

Suggard  &  Saint,  475. 

Sypher,  353. 

Thomas,  474. 

Two  Rivers,  353. 

Union,  363. 

Van  Ginkle,  365. 

Wales,  436,  474. 

Watson,  353. 

Western,  363. 

West  Riverside,  353,  364. 

White  Ash,  364,  434,  474. 

Winter,  474. 
Mississippian  in  Marshall  county,  219. 
Missourian,  Guthrie  county,  446,  479. 

Madison  county,  503,  509. 
Mitchellville  boring,  290,  322. 

Elevation,  284. 
Modulus  of  rupture  for  pavers,  380. 
Montieth,  elevation,  423. 
MontiaUipora  woiUicoki,  63. 
Mormon  Kidge  mine,  256. 
Morse,  elevation,  47. 
Moulding  sand,  256. 
Muldoon  mine,  475. 
Murray,  H.  B.,  acknowledgments,  17. 
Murchisonia  quadricarinata,  332. 
Musser,  J.  D.,  brickyard,  101. 
Museum  work,  22. 

Museum  of  Comparative  Zoology,   co- 
operation of,  24. 
Myalina  kansdsensiH,  518. 
suhquadrata,  518. 
mcallomi  331,  518. 


Natural  gas,  Guthrie  ooimty,  48L 

Polk  county,  410. 
Naticopsis  altonenais,  448,  514. 

gigantea,  163,  166, 168,  170. 
Tianai  332. 
Nautilis  lasallensis,  332. 
occidentalism  332. 
winslowi,  332. 
Nelson  brickyard,  191. 
Nevitt  quarry,  528. 
Newberry,  J.  S.,  cited,  109. 

S.  B.,  acknowledgments,  17. 
Newman  Bros.,  294,  393. 

Nellie  E.,  work  of,  23,  27. 
Nicholas  Oaks  Brick  &  Tile  Co.,  102. 
Nicollet,  J.  N.,  cited,  267. 
Noe  and  Margerie,  cited,  422. 
Nora  Springs  section,  154. 
North  Des  Moines  mines,  324. 
North  Liberty  drift  plain,  42. 
Norton,  W.  H.,  acknowl^gments,  412. 

Cited,  57,  58,  62,  213, 

427,  455,  460. 
Work  of,  11,  15,  21,  26, 
31. 
Nucida  beyricki,  331. 
parva,  331. 
ventricosaj  331,  447. 
Nuculana  hillistHata,  331,  437,  447. 

Oak  Park  mine,  353,  364. 
Occurrence  of  fossil  fishes  in  the  De- 
vonian of  Iowa,  by  C.  R.  Eastman,  108. 
Oil,  Polk  county,  410. 
Old  Man  creek,  50. 
Oolite,  217,  221,  242. 
Oralabor,  elevation,  284. 
OrbicxOmdea  nitida,  331,  334,  447. 
Origin  of  Madison  county  streams,  502. 
Ornamental  stone  in  Johnson  county,  99. 
Orphocrimis  conicus,  224. 

fusiformiSm  224. 
Orthiss  macfarlanei,  59. 

impressa^  167,  168. 

iowensis,  59,  60,  61,  63,  66,  69,  70. 

pecosi,  448,  512. 
Orthonema  conica,  332. 
Orthothetes  chemungensiSj  167. 

crenistnata,  225,  226,  332. 
Orthoceras  rushensis,  332. 
Osborn,  Herbert,  cited,  458. 
Otis  beds,  57. 

Ottumwa  Paving  Brick  Co.,  379. 
Overwash  plains,  468. 
Owen  beds,  186. 

D.  D.,  cited,  37,  56,  83,  201,  268, 
291,  335. 
Oxer,  J.  W.,  brickyard,  101. 
Oxford  brickyard,  101. 
Elevation,  47. 

Pammell,  L.  H.,  acknowldgements,  260. 
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Pammet.  L,  H.,  work  of,  16. 
PachyoUhyUum  tooodmaniy  146,  149,  159, 

160,  167,  169. 
solUarium^  168. 
Panora  coal,  434. 

Exposures,  433. 
Mines  473 
Panora  Brick  &  Tiie  Co.,  433,  478. 
Paracyclas  elliptical  168. 

saotm,  168. 
ParaUelopora  planulata,  167. 
Pardleu  creek,  52. 
Parker's  mill  exposure,  149. 
Patterson,    Bruce,    acknowledgments, 

104. 
Patterson  section,  507. 
Patrick,  6.  E.,  analyses,  191,  247,  355, 

476. 
Patula  striaiellaj  237. 
stringosa,  336. 
Paving  brick,  370. 
Peat  in  Cerro  Gordo  county,  192. 
Petrodus  occidentalism  447. 
Pennsylvanian,  mine,  353,  365. 

Series,  503. 
Pentamerus  comisj  59,  60,  61. 

dvMa,  67,  69. 
Peterson  quarry,  186. 
Pentremites  pyrtformis,  219. 
Perkins  mine,  436,  474. 
Peru,  coal  at,  539. 

Elevation,  498. 
Quarries,  525,  529. 
Petrodus  occidentalism  332. 
Phacops  rana^  63. 
Phillipsaste^'ea  billingsim  59,  6-1,  68. 
Physical  properties  of  paving  brick, 

375. 
Physiography,  Cerro  Gordo  county  122. 

Guthrie  county,  418. 
Johnson  county,  494. 
Madison  county,  39. 
Marshall  county,  202. 
Polk  county,  268. 
Puanax  altus^  169. 
Pickering,  elevation,  204, 
Pioneer  mine,  353. 
Pleasant  Hill  mine,  353,  365. 
Platycrinus  pUxnnuSm  224. 

symnieiricusm  224, 
Pleistocene,  Cerro  Gordo  county,  171. 
Divisions  of,  18. 
Guthrie  county,  460. 
Johnson  county,  83. 
Madison  county,  503,  520. 
Marshall  county,  229. 
Polk  county,  335. 
Work  on,  14, 17. 
Pleurophorus  pesmiariuSm  331. 

pleurotomaria     brazoeTisis, 

331.  • 

subcuneattiSf  331. 
carhonaria,  331. 


Pleurophorus  gravillensis,  332. 
modestam  332. 
spha^rukUam  332. 
vaJvaiformiSf  332. 
Plymouth,  elevation,  136. 

County,  work  in,  15. 
Polk  City  gravel  pits,  407. 

Mines,  323. 
Polk  City  Junction,  elevation,  136. 
Polk  City  Tile  Works,  403. 
Polk  county,  gi^logy  of,  263. 

Alluvium,  351,  366. 

Altoona  mines,  321. 

Area,  267. 

Base  of  coal  measures,  290. 

Building  brick,  322. 

Berwick  borings,  320. 

Buildinjgr  stones,  409. 

Carboniferous,  286. 

Character  of  coal  measures,  291. 

Clays,  366. 

Coal,  352. 

Commerce  mines,  324. 

Crocker  kame,  348. 

Cross  section,  301,  306. 

Detailed  stratigraphy,  310. 

Drainage,  273. 

Early  geological  work  in,  267. 

East  Des  Moines  mines,  319. 

Economic  products,  352. 

Elevations,  284. 

Fauna  of  coal  measures, 

Fossils  of  loess,  342,  344. 

General  cross-sections,  301. 

General  relations  of  strata,  285. 

Geological  formations,  285. 

Gravel,  348,  406. 

Greenwood  Park  well,  286. 

High  Bridge  mines,  324. 

Kames,  346,  348. 

Kansan  drift,  338. 

Kelsey  kames,  346. 

Loess,  340,  367. 

Lower  coal  horizons,  328. 

Mines,  353. 

Mitchellville  borings,  322. 

Natural  gas,  410. 

North  Des  Moines  mines,  324. 

Oil,  410. 

Paving  brick,  370. 

Physiography,  268. 

Pleistocene,  335. 

Polk  City  mines,  323. 

Pottery,  400. 

Pre-Kansan  drift,  335. 

Road  material,  406. 

Saylorville  mines,  322. 

Sewer  pipe,  400. 

Soils,  405. 

South  Des  Moines  mines,  326. 

Stratigraphy,  285. 

Terraces,  351.      « 

Tests  of  paving  brick,  378. 
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{».»i  Tiiicerials,  Marshall  county,  256. 
Madison  county,  531. 
Polk  county,  406. 
Johnson  county,  98. 
>V»>*?Pt>*«  quarry,  514,  526. 
>\,va:5  Bluffs,  467. 
.uviton.  elevation,  204. 
Quarries,  245.  * 
Section,  216. 
-vije  Hill  section,  309. 
•iiX^Ie  rock,  529. 
■-^iia^^L^  elevation,  284. 
Mines,  360. 
Oftrbondale  exposures,  311. 
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8aint^  Louis  limestone,  227,  252. 
Salisbury,  R.  D.^  acknowledgments,  20, 

412. 
Cited,  298,    341,    349, 
351. 
Sand,  Guthrie  county,  453,  480. 

Johnson  county,  100. 
Sanders,  Euclid,  acknowledgments,  104. 
Creek,  52. 
Quarry,  64,  81,  96. 
Santiago,  elevation,  284. 
Savlorville  mine,  322,  410. 
SaUzodus  (jUpina,  331. 

elegantinuSj  224. 
glwasus,  224. 
Scott  county,  work  in,  15. 
Mine,  365,  435,  474. 
Sewer  pipe,  369,  400. 
Shackelford,  Lincoln,  brickyard,  397. 

Louis,  brickyard,  397. 
Shales,  Polk  county,  367. 
Shaver,  P.  E.,  acknowledgments,  104. 
Sheldabl,  elevation,  284. 
Shell  Bock,  falls  exposure,  156. 
River,  139. 
Valley,  128. 
Shepherd,  Hugh  H.,  acknowledgments, 

195. 
Shimek,  B.,  acknowledgments,  104,  236. 
ShueyvJlle  ice  lobe,  43. 
Sichocrinus  inamatus,  224. 
Sieg  &  Size  brickyard,  254. 
Silurian  fossils  in  Cretaceous,  452,  456. 

Johnson  county,  54. 
Simon  &  Son  brickyard,  478. 
SioiuE  quartzite  report,  15. 
Skandia  mine,  360. 
Skunk  river  system,  209. 
Soltniscus  aracUis^  332. 
aumilis^  332. 
newberryi^  332. 
paludincBJformiSi  332. 
Solchomya  soleniformis^  331. 
Soils,  Cerro  Gordo  county,  179. 
Guthrie  county,  486. 
Johnson  county,  92. 
Mapping  of,  14,  20. 
MarshaU  county,  258. 
Polk  county,  405. 
Solon,  elevation,  47. 

Lobe  of  ice  sheet,  43. 
Source  of  Clear  Lake,  142. 
South  Des  Moines  mines,  325. 

River  exposures,  514. 
Spencer,  A.  C,  in  Madison  county,  493. 
Sphaerdon  medialiSj  332. 
S^n/er  bipUeatus,  225,  226. 

cameratus,  333, 447, 448, 505,  506, 

509,  511,  512,  514,  515. 
cyrtinaformia,  168. 
extenuatuSf  22(3 
Jhnbriatus,  168, 169. 
hungeTforaii  168. 


Spirifer  kenhLdcensis,  333,  430.  513,  515. 
lineatus,  331,  333,  447,  448,  512, 

513,  514. 
macbridei,  168. 
oresUSj  167. 
parryanus^  63,  64,  66,  67,  69,  70, 

160. 
pennatuSf  59,  60,  62,  63,  68. 
plano-canvexus,  333, 430,  431, 447, 

OUd,  uUv. 

rockymofUanvs^  331. 
striatus,  219. 
subwidiferutf  63. 
tchUneyi,  166. 167, 169. 
Spurr,  J.  Edward,  cited,  458. 
Standard  mine,  361. 
Star  mine,  360. 
Stapes  mine,  473. 
State  quarry,  72,  97. 

Center,  elevation,  204. 
Geologist's  report,  11. 
Statistics  of  coal  production,  358. 
Steelsmith,  G.  L.,  cited,  260. 
Stockton,  J.  D.,  aclmowledgmento,  411. 
Stone  industry  of  Cerro  Grordo  county, 

187. 
Story  county,  work  on,  15,  27. 
Stout,  J.  E.,  cited,  48L 
Straparclltis  catiQaides,  332,  514. 

cyclostomus,  64,  70,  71. 
Ia<t»,  332. 
pemodomw,  332. 
Stratified  drift,  235. 
Stratigraphy,  Cerro  Gordo  countv,  144. 

Guthrie  county,  426. 
Johnson  county,  53. 
Madison  county,  503. 
Marshall  county,  210. 
Polk  county,  285. 
Streams,  see  Drainage. 
Strengfth,  paving  brick,  374. 

Mars£Edltown  stone,  248. 
Winterset  stone,  525. 
Streplacis  WhUfiddi,  332. 
Streptolasma  spongaxis,  456. 
Striatopora  rugaaa,  eSy  66. 
StrobuocvsUles  caivini,  71. 
Stromboaeg  johannisj  167. 
StromcUoporeUa  incrustans,  167. 
StropheoaorUa  areuatoL,  167. 

caivini,  168. 
oanaoe,  168. 
demino,  59,  63. 
perplano,  167. 
varuMUs,  167, 168. 
StropfumeUa  hybrida,  167. 

revena,  167,  168. 
St.  Charles,  elevation,  498. 

Quarries,  506,  513,  531. 
St.  John,  O.  H.,  cited,  22,  268,  417,  428, 

430,  431,  435,  436,442,  458,  459,  466. 
Stuart  boring,  471. 

Elevation,  423. 
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Polk  county. 

Topography,  268. 
Water  supplies,  409. 
Wisconsin,  344. 
Work  in,  13,  20,  26,  29. 
Portland,  elevation,  136. 

Exposures,  151, 153. 
Post-glacial     deposits,     Cerro    Gordo 

county,  178. 
Post-Lafayette  emergence,  Polk  county, 

277. 
Pottery,  369,  400. 
Powell,  J.  W.,  cited,  268. 
Pre-glacial  drainage  at  Des  Moines,278. 
Streams  of  Madison  county, 

500. 
Surface,  Johnson  county, 91. 
Madison  county,  500. 
Pre-Kansan  drift,  Guthrie  county,  468. 

Madison  county,  521. 
Polk  county,  335. 
Price,  Paul,  acknowledgments,  493. 
Proctor  mine,  299,  365. 
Pivdv>ctu8  arcuatus,  223. 

cora,  331,  333,   430,  431,  437, 
445,  447,  506,  509,  514,  515, 
517. 
costata,  333,  447,  448,  505,  506, 

513,  514,  515. 
hallana,  168,  169. 
lonmispinus,  331,  333,  334,  509, 

ol2,  513. 
muricatm,  431,   436,  437,  445, 

506. 
nanus,  331. 

nebrascensis,  445,  447,  518. 
praitenianus,  515. 
punctatus,  170,  430,  515. 
semireticidatiLS,  219,  333,  509. 
soUtarium,  167. 
Ptyctodus  cakeoliLS,  75, 114,  116. 
Ptychophyllum  ellipticum,  167. 

expansum,  456. 
molaris,  115. 
versiforme,  66. 
Fugnax  alius,  167, 168. 

ambigwus,  167,  168. 
Pupa  aUicola,  237. 
pentadon,  237. 
muscorum,  237,  336. 
Purington  Brick  Co.,  379. 

Quarries. 

Arnold,  529. 

Backbone,  529. 

Belding  Stone  Co.,  150,  184. 

Bevington,  525. 

Brown,  529. 

Chapin,  252. 

Clark,  528. 

Corrick,  251. 

Coralville,  70.  • 


Quarries. 

Crowley,  96. 

Earlville  Land  Co.,  528,  533. 

Eicher,  96. 

Eureka,  528. 

Hutchinson,  64,  96. 

Irains,  530. 

Kipp,  529. 

Knapp  creek,  83. 

Kuppmger,  145, 146,  149, 152,  183. 

Le  Grande  Quarry  Co.,  242, 243, 245. 

Lein  Bros.,  145,  149. 

McCollister,  97. 

McCune,  55. 

Mason  City  Quarry  Co.,  lol,  185. 

Mason  City  Stone  Co.,  151,  185. 

Nevitt,  528. 

Peterson,  186. 

Robertson,  514,  526. 

Saunders,  64,  81,  96. 

St.  Charles,  513. 
Quarry,  elevation,  204. 

Railway  ballast  in  Johnson  county,  98. 

Randall,  Ade,  acknowledgments,   195. 

Rapid  creek,  52. 

Rattler  tests  of  brick,  380. 

Rawson  mine,  353. 

Tile  yard  section,  302. 
Redhead  mine,  353. 
Relief  of  Madison  county,  496. 
Renslow  mine,  479. 
Report  of  State  Geologist,  11. 
Reese  mine,  353,  434. 
Resurrected  rivers,  502. 
Rhodes,  elevation,  204. 
Bhadocrinus  kirlegi,  224. 
wantLS,  224. 
watersiamis,  224. 
Rhombopora  lepidodendroides,  330,  333, 

447,448. 
Rhynchonella  pugnuSy  72,  78,  79,  169. 
tntemieaia,  59. 
uta,  331,  333,  431,  513,  514. 
River  flood  plains,  45. 
River  Junction  brickyard,  101. 
Riley  mine,  365. 

Road  materials,  Marshall  county,  256. 

Madison  county,  531. 
Polk  county,  406. 
Johnson  county,  98. ' 
Robertson  quarry,  514,  526. 
Rocky  Bluflfs,  467. 
Rockton,  elevation,  204. 
Quarries,  245. ' 
Section,  216. 
Rose  Hill  section,  309. 
Rubble  rock,  529. 
Runnells,  elevation,  284. 
Mines,  360. 
Carbondale  exposures,  311. 


